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ABSTRACT
AMINO HYDROXY NAPHTHALENE SULPHONIC ACIDS
This review  o f the p repara tion  and poss ib le  manufacture o f 
the 84 isom eric Amino Hydroxy Naphthalene Sulphonic Acids, has 
been w r it te n  on the basis th a t i t  was a very sp e c ia lise d  sub ject 
made more so, by d ire c t in g  i t  from a commercial angle. To th is  
end, naming o f the compounds, th e ir  uses in  the d y e s tu ff f ie ld ,  
and methods o f p repara tion  have been summarised a t leng th  to  
enable the l i t e r a tu r e  survey to  be re a d ily  m eaningful.
The survey has been made not on ly from a v a ila b le  l i t e r a tu r e ,  
but a lso from p r iv a te  in fo rm a tio n  a v a ila b le  to  the Author. These 
sources have revealed th a t from 1953 -  1982, o f the isomers known, 
on ly  40 have been mentioned in  the review  pe riod , and on ly 17 w ith  
a method o f p repa ra tio n . In fo rm a tion  on 8 new isomers was a lso 
found, and methods o f p repara tion  o f 4 o f these. Methods o f 
p repara tion  fo r  the other 4 have been suggested.
I
New methods fo r  the syn thes is ing  some o f the isomers have 
been found, and as la b o ra to ry  methods they have a d e f in ite  va lue, 
but do not appear to  the Author to  have a p o te n t ia l commercial 
fu tu re  and th is  is  confirmed by the absence o f fu r th e r  in fo rm a tio n .
The review has revealed a dec line  in  the use o f these 
compounds, and reasons have been suggested fo r  th is  downward movement,
1  ^ \
Of the f iv e  manufactured isomers in  1953, only 3 now appear 
to  be made, and th e ir  processes have been changed due to  
environm ental aspects. Methods fo r  the p repara tion  o f 20 unknown 
isomers have been suggested w ith  comments where app rop ria te , and 
5 unknown isomers have been prepared in  the la b o ra to ry .
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1.0 In tro d u c tio n
The purpose o f th is  review  can be defined in  the fo llo w in g
manner
"To in v e s tig a te  the p repara tion  and manufacture o f 
Amino Hydroxy Naphthalene Sulphonic Acids during 
the period  1953 -  1982; to  suggest schemes fo r  the 
p repara tion  o f the unknown isomers and examine 
c r i t i c a l l y  changes in  manufacturing procedures."
This w i l l  be s y s te m a tica lly  discussed as fo l lo w s :-
(1) A record o f a l l  the indexed Amino Hydroxy Naphthalene 
Sulphonic Acids.
(2) In fo rm a tion  on the p repara tion  o f isomers p r io r  to  1953.
(3) Methods o f p repara tion  o f isomers prepared post 1953.
(4) In fo rm a tion  on the isomers which had been manufactured.
(5) Suggested methods o f p repara tion  fo r  the unknown isomers.
1953 has been chosen as the s ta r t in g  date because Thorpe's 
D ic tio n a ry  and Donaldson's 'Chem istry o f Naphthalene Compounds' review  
the l i t e r a tu r e  to  about th a t year.
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1.1 Nomenclature
Amino Hydroxy Naphthalene Sulphonic Acids have been 
in v e s tig a te d  and used in  the manufacture o f Azo D yestu ffs  fo r  
about 100 years. These compounds can be represented by the general 
form ula
which represents the 84 poss ib le  isomers.
The naphthalene r in g  may be designated in  two d if fe re n t
ways:
or
3a
a i
3i
$2
but on ly the numbered one is  in  use today. During the la s t  
cen tury the system o f nomenclature o f these compounds has changed 
tw ice ; i n i t i a l l y  the Amino group was numbered 1, or 2, and the 
Hydroxy^Naphthalene c a lle d  Naphthol thus g iv in g  the name o f Amino 
Naphthol Sulphonic Acid which is  s t i l l  w ide ly  used. Some s ix ty  
years la te r ,  the Naphthol was designated as the dominant group, and 
was numbered 1, or 2. I t  was th e re fo re  poss ib le  to  have 14 sets 
o f Naphthol-Sulphonic Acids w ith  s ix  d if fe re n t  amine isomers. Now 
the Sulphonic acid  has been designated as the dominant group and the
-  2 -
compounds are known as Amino Hydroxy Naphthalene Sulphonic A c ids . 
L ite ra tu re  re p o rts  are not a l l  co n s is ten t w ith  the la s t  system, 
but i t  w i l l  g e ne ra lly  be used in  th is  review  except when d ir e c t ly  
quoting from the l i t e r a tu r e ,  when the r in g s  w i l l  be numbered.
This la s t  system has created problems in  presenting re a c tion s  
in v o lv in g  naphthalene-sulphonic acids as is  shown by the fo llo w in g  
statement
"When 2 -a m in o -n a p h th a le n e -l,5 j7 -tr isu lp h o n ic  acid  
is  heated in  50?o su lp h u ric  acid  a t 105° C ,  the 
1-su lphonic acid  group is  removed leav ing  6-amino- 
naphthalene-1 ,.3 -d isu lphon ic a c id ."
To show th is  re -o r ie n ta t io n  o f the molecule to  f i t  the 
numbering system the r in g  has been 'S ta rre d ' *  as below.
NH2 Hydrolyse
105 C
SO3H
*
SO3H
-  3 -
1.2 H is to r ic a l Aspect
The two main sources o f in fo rm a tio n  on these compounds
are Thorpe's D ic tio n a ry^  and Donaldson's 'Chem istry o f
2
Napthalene Compounds' . These review  the in fo rm a tio n  up to  1953; 
and record th a t 51 isomers had been synthesised, but on ly 5 had 
reached the m anufacturing s ta tu s . These f iv e  w i l l  be re fe rre d  
to  henceforth  as 'The Big F iv e '.  In fo rm a tion  from p r iv a te  sources 
showed th a t a t le a s t 14 more o f the 51 isomers were sys te m a tica lly  
examined as p o te n t ia l sa les products but never achieved th a t 
s ta tu s . Thus 33 isomers remained unrecorded in  1953.
Many Naphthalene compounds have been given names o f th e ir  
d iscovere r e .g . Cleve or Dahl, or an a lp h a b e tica l le t t e r .  These 
have been used throughout the world as a simple means o f i d e n t i f i ­
c a tio n , and po ss ib ly  fa r  more im portan t as a sa fe ty  measure in  the 
marking o f con ta ine rs  in  the in d u s t r ia l  f ie ld .  These t r i v i a l  names 
w i l l  be given in  th is  review  because i t  is  eas ie r fo r  the reader to  
id e n t i fy  compounds by th is  means.
-  4 -
1.3 The Id e n t ity  o f the 'B ig  Five
(a)
(b)
(c)
SO3H
OH
4-am ino-3-hydroxynaphtha lene-l-su lphon ic acid  (1 :2 :4  Acid)
SÜ3H
OH
6-am inü-4-hydroxynaphthalene-2-sulphonic acid  (Y Acid)
H,N SO3H
.OH
7-am ino-4-hydroxynaphthalene-2-sulphonic acid  (J . Acid)
(d) SOoH
OH NHz
4-am ino-5-hydroxynaphtha lene-l-su lphon ic acid  (S. Acid)
-  5 -
(e)
OH
8-am ino-4-hydroxynaphthalene-2-sulphonic acid  (M. Acid)
M. Acid has only been manufactured in  Germany.
1,4 Methods of P reparation of Amino Hydroxy Naphthalene
Sulphonic Acids
The fo llo w in g  methods are norm ally  used fo r  the p repa ra tion  
of these compounds and w ith  the exception of ( j )  have a l l  been used 
in d u s t r ia l ly  by the Author.
(a) By A lk a li  fu s io n  of a naphthylam ine .d isu lphonic acid  a t
about 2GG°C.
HzN
18G-2GG C
GH
—  6 —
(b) By coup ling  a naphtho l-su lphon ic  acid w ith  a d iazo compound 
to  form an azo d y e s tu ff and reduc tio n  o f the d y e s tu ff.
HO3S
+  HO3S
+ “
N E N Cl
Naz CO3
HQ
Hydros
NHz
(c ) N itro s a tio n  of a naphthol#sulphonic acid  and red uc tio n  of 
the re s u lta n t n itro s o  compound.
SO3H NaNÛ2
MCI HO
NO
Zn Dust 
H2 SOit
HO
-  7 -
(d) Sulphonation o f an am ino-naphthol.
f)H
10% Oleum^ 
7
i f )
(g)
30-40 c
(e) Desulphonation o f an am ino-naphtho l-d isu lphon ic ac id .
SOsH SO3H
HO
125°C
HO
MHz
From a*:--diam ino-naphthalene-sülphonic ac id  by h y d ro ly s is . 
SO3H
15% HoSOu y 
R eflux
NHz OH
Bucherer Reaction o f an 'O H '  or ' N H z '  group by means o f 
sodium b is u lp h ite .
NHuOH
OH
SO3H
NaHS03
Ca(OH)
SO3H
OH
-  8 -
(h )
( j )
A 1 -naph tho l-d isu lphon ic  acid  w ith  a sulphonic acid  group 
in  the 3 -p o s it io n  w i l l  exchange i t  fo r  an amino group on 
heating w ith  ammonia and ammonium c h lo r id e  at 180°C under 
pressure.
OH SO3H OH SO3H
NH4OH ^
HO3S NH4 CI H2 N
( i )  The re-arrangement o f a n itro s o -n a p h th o l.
NO NOHII
SO3H
H2 SO4 SO,H
having the two
su b s titu e n ts  in  d if fe re n t  r in g s , when reduced e le c tro -  
l y t i c a l l y  in  acid s o lu t io n  or w ith  ammonium su lph ide  and 
fo llow ed  by a c id if ic a t io n  are su b s titu te d  in  the  4 -p o s it io n  
by an 'OH' group.
SO3H SO3H
(k ) Reduction of a n itro -n a p h th o l-s u lp h o n ic  acid
SO3H SO3H
O2 N
-  9 -
Comment on the Methods o f P reparation
Method (a) Before a ttem pting th is  method o f p repa ra tio n , 
F rie d le a nd e r' s Rules o f Fusion^ should be s tud ied . These
a re :-
(1) With 1-naphthol and 1-naphthylam ine-sulphonic acids 
which have among others a su lphonic ac id  group in  
p o s it io n -8 , fus ion  g ives 1 ,8-d ihydroxy-haphtha lene or 
l-am ino -8 -naph tho l-su lphon ic  acids re s p e c tiv e ly .
(2) In  1 -naptho l and 1-naphthylam ine-sulphonic ac ids , 
the su lphonic ac id  groups may be placed in  the fo llo w in g  
order o f res is ta nce  to  h y d ro ly s is , 8 -5 -6 -7 -3 -2 -4 . The 
-2 -  and -4 -  su lphonic ac id  groups are so re s is ta n t th a t 
a lk a l i  fus ion  w i l l  not proceed smoothly a t any p ra c t ic a l 
tem perature.
(3) In  2-naphthol and 2-naphthylamine su lphonic ac ids , 
the order is  4 -5 -8 -7 -3 -1 - and the most re s is ta n t o f a l l  is  
- 6- . "
Method (g) Bucherer form ulated two ru le s  which should be 
fo llow ed .
(1) The re a c tio n  does not take place i f  a su lphon ic acid  
group is  o rtho  or meta to  a - l- 'O H ' or 'NH2 ' group.
-  10 -
Thus in
SO3H
only the 'OH' group in  the 6 or 7 p o s it io n  w i l l  re a c t.
(2) The re a c tio n  does not take place i f  a su lphonic acid  
group is  meta to  a -2 -  'OH' or 'NH2 ' group.
Thus in
SO,H SO3H
or
OH
NH;
on ly the 'OH group in  the -5 -  p o s it io n  w i l l  re a c t.
Method (h) This was the method o f a pa tent by K a lle ^  
which has been in v e s tig a te d  in  the la b o ra to ry , but a f te r  
many repeats and v a r ia t io n s  not the s l ig h te s t  trace  o f an 
amino compound has been detected. However, i f  the ammonia 
was replaced by a n il in e  and the ammonium c h lo r id e  by 
h yd ro ch lo ric  ac id , a high y ie ld  o f the diphenylamino 
compound was formed.
OH SO3H
HO3S
a n ilin e  
HCl 130
Diphenyl E psilon  Acid
The above are given as methods o f synthesyis o f Amino 
Hydroxy Naphthalene Sulphonic Acids, but i t  must be emphasised th a t
-  11 -
these methods on ly g ive  the c r i t i c a l  stage of the syn thes is . I f  
the  p repara tion  o f the compound was the main o b je c tiv e , then 
provided the  s ta r t in g  m a te r ia l was a v a ila b le , these methods would 
be s a t is fa c to ry .
However, the  main emphasis of th is  re p o rt is  to  review  
methods from a commercial angle, and th e re fo re  the syn thesis  must 
be considered from a w e ll es tab lished  product such as 2 -hydroxy- 
-naphthalene or naphthalene i t s e l f .
To i l l u s t r a t e  th is  fu r th e r .  Method (b) re qu ire d  a hydroxy- 
naphthalene-sulphonic a c id ; 6 -hydroxy-naphtha lene-2 -su lphon ic  acid 
(Schaeffer Acid) was a commercial p roduct, so th is  was acceptable 
as a s ta r t in g  m a te r ia l. I f  however 7-hydroxy-naphtha lene-2-su lphonic 
acid  (F J \c id )  was re q u ire d , the syn thes is  would have to  be considered 
from naphthalene, as fo llo w s
HO
I f ,  6 -hydroxy-naph tha lene-l-su lphon ic  acid was req u ire d  then a f iv e  
stage syn thesis  would be requ ired  to  make only the s ta r t in g  m a te r ia l.
SÜ2
-12"C
SÜ3H
NH220% Oleum^
Bucherer
ReactionH2 N HQ
*
NHuOH ■>
40% H2 SO4
125 °C
1.5 The Use o f Amino Hydroxy Naphthalene Sulphonic Acids
as Components in  D yes tu ff P reparation
Azo co lou rs  are pre-em inent, accounting fo r  over 50% o f 
a l l  manufactured d ye s tu ffs  and pigments. This is  because they are 
e a s ily  prepared from re a d ily  a v a ila b le  in te rm ed ia tes o f which 
Amino Hydroxy Naphthalene Sulphonic Acids are an e s s e n tia l p a r t. 
They are cha rac te rised  by the presence o f Azo (-N=N-) groups 
(u s u a lly  1 or 2) in  the molecule and are in v a r ia b ly  prepared by 
d ia z o tis in g  a prim ary aromatic amine w ith  n itro u s  acid  in  m inera l 
ac id  s o lu t io n  and coup ling  the re s u lta n t diazonium s a lt  w ith  a 
phenol, arylam ine or k e to -e n o lic  compound. The Amino Hydroxy 
Naphthalene Sulphonic Acids are very sp e c ia l in  th is  respect since 
they can be used e ith e r  as the diazo component, or the coupling  
component. These fea tu res are shown in  the fou r examples below.
-  13 -
1*5,1 Use as a diazo Component
The am ino^hydroxy-naphthalene-sulphonic ac id  was 
charged in to  w ater, ic e , and hyd roch lo ric  a c id ; a t 0-5°C a 
s o lu t io n  o f sodium n i t r i t e  added u n t i l  a permanent blue co lou r 
was obtained on Starch Iod ide  Test Paper. The diazo s o lu tio n  
(o r s lu r ry )  was then run in to  the coupling  component in  the 
presence o f excess sodium carbonate.
SO3H
NaNO
HCl
SO3H
N = N
NazCO,
OH
N = N
(Black D yestu ff)
-  14 -
1 .3 .2  Use as a Coupling Component under Acid Conditions
The amine was d ia zo tise d  as in  1 .5 . lan d  then a s lu r ry  
of the  am ino-hydroxy-naphthalene-sulphonic acid was run in to  the 
d iazo s o lu t io n . The coupling  was slow and sometimes req u ired  
s t i r r in g  fo r  24 hours to  complete the  re a c tio n .
Cl<
CF:
NaNOa
HCl
NH;
HO
SO3H
CF,
Cl
+
NEN Cl
OH
( y A c id )
(Red D yes tu ff)
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1 .5 .3  Use as a Coupling Component under A lk a lin e  C onditions
The amine was d ia zo tise d  as in  1 .5 .1 , and then run in to  a 
s o lu t io n  o f the sodium s a lt  o f the am ino-hydroxy-naphthalene-sulphonic 
a c id . A pH o f 7 .5 -9 .0  was maintained throughout the a d d it io n .
Cl, ,0H
NaNP
NHz HCl
:;N052
Cl   OH
HNO OH
Cl> vOH
+ —
NeNCI
rNQ.
NH
J.A c id
SO3H
52
(B lack D yes tu ff)
-  16 -
1 .5 .4  Use as a Middle Coupling Component
In  th is  example, two couplings were made onto the amino- 
hydroxy-naphtha lene-su lphon ic-ac id , one under ac id  co n d itio n s  and 
one under a lk a lin e  c o n d itio n s . The rea c tio n s  must always be 
c a rr ie d  out in  th a t o rder.
1st Coupling
NaNO
NENCIHCl
(M .Acid)
SOsH
-  17 -
2nd Coupling 
OCH3
HO3S' NH2
NaNO;
HCl HÜ3S<
0 CH3
4" —
>-N5N Cl
SO.H
N=N
OH
-  N = N - SO3H H3CO 
N = N — SO3H
(Green D yes tu ff)
1 . 5 . 5  Comments on the Methods o f P reparation o f Azo D yestu ffs
The procedure fo r  ca rry in g  out these p repara tions is  
s tra ig h t- fo rw a rd  provided th a t i t  is  on ly a la b o ra to ry  experiment 
to  prepare the desired compound. I f  however, the compound is  
being prepared as an example o f a commercial d y e s tu ff which in  a 
s in g le  batch may produce q u a n tit ie s  o f Standard co lou r from one 
tonne to  88 tonnes-, then, very s t r i c t  and accurate procedures would 
have to  be fo llow ed since a s l ig h t  v a r ia t io n  in  pH, concen tra tion
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tem perature, ra te  o f a d d itio n  e tc . could and would a f fe c t  shade, 
s o lu b i l i t y ,  l ig h t  fastness or phys ica l form. To ensure not only 
a s a t is fa c to ry  product but a repeatable one, an experienced 
operator would be re q u ire d .
The fo llo w in g  example is  given which describes w ith  f u l l  
d e ta ils  the perpa ra tion  o f a commercial d y e s tu ff to  i l l u s t r a t e  th is  
s t r i c t  procedure.
D ia z o tis a tio n
The amine (O .lm ol) was added to  water (40ml) ice  (25g) 
and HCl 36?o (85g, .84mol) and s t i r r e d  fo r  6  hours a t G-5°C.
(Note: e x te rn a l coo ling  would be req u ire d  in  the la b o ra to ry )
sodium n i t r i t e 's o lu t io n  40% (19ml, . l lm o l)  was added a t 0-5°C and 
then s t ir r e d  2  hours and then d ilu te d  to  2 0 0 0 ml w ith  ice  (600g) and 
w ater. The excess sodium n i t r i t e  was removed by the a d d itio n  o f 
sulphamic ac id , and sodium bicarbonate ( 3 9 g, .465mol) added evenly 
over 2 0  m inutes.
P reparation o f Coupling Component
Gamma Acid (25g, .105mol) was added to  a m ixtu re  o f water 
(200m l), ca u s tic  soda 32% (11ml, .119mol) and s t i r r e d  fo r  10 minutes» 
Before co up ling , sodium carbonate ( 2 g, .019mol) was added w ith  ice  
to  coo l to  2 C. HC136% (12ml, .016mol) was then added to  
p re c ip ita te  the Gamma Acid.
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Coupling
The Gamma Acid s lu r ry  was run in to  the d ia z o tis a tio n  
m ixture  a t 0-2°C over 5 minutes and s t ir r e d  fo r  15 hours a t 0-10°C. 
s a l t  (480g) was added to  p re c ip ita te  the d y e s tu ff, and a f te r  1 hour 
ca u s tic  soda (32%) was added such th a t the mass was not ac id  to  
Congo Red Test Paper (pH 3.0 app ro x .), sodium carbonate (6g,.56m ol) 
was then added and a f te r  3 hours the s lu r ry  was heated to  50°C 
to  change the phys ica l form, before f i l t e r in g  o f f ,  washing w ith  
n e u tra l b rine  (200ml) and f in a l l y  d ry ing  a t 40-45°C. (6 2 .7g, 89%).
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1.6 Synthesis o f the Five Manufactured Compounds (The Big F ive)
These compounds have the fo llo w in g  c o n s itu t io n s :-
SO,H
H,N
SO3H
1;2 .4  Acid
H2N SO3H
Y Acid
SO3H
J.A c id M.Acid
OH SO.H
S.A c id
Before, describ ing  the syn thes is  o f these isomers, i t  is  
in te re s t in g  to  note the re la t io n s h ip  between them.
(1) l i2 . 4  Acid , Y>J, and M Acids a l l  have the meta hydroxy- 
su lphonic acid  c o n fig u ra tio n .
(2) Yj and M Acids are the 6 , 7 and 8 amino isomers o f 
4-hydroxy-naphtha lene-2-su lphonic Acid .
(3) 1 ;2 :4  Acid , y,  and J Acids each re q u ire  2-hydroxy- 
naphthalene as the base m a te ria l fo r  p re pa ra tion .
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The re la t io n s h ip s  given in  (1) and (2) might suggest 
a s im ila r  method o f p repara tion  but th is  would be com plete ly 
wrong. (3) does g ive  an in d ic a tio n  o f the products which are most 
re a d ily  a v a ila b le , because the base m a te ria l is  manufactured in  such 
la rge  q u a n tit ie s  and th e re fo re  r e la t iv e ly  cheap.
1 .6 .1  Synthesis o f 1 .2 .4  Acid
H2 SO4
2-Hydroxy-naphthalene
NaHSOg
5°C
NOH
SOaNa
s i /
NaHSOa
30% H2 SO4 50°C
SO3H
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1*612 Synthesis o f y and J Acids
OH
N H 4 OH +  5 0 2
18G°C
Oleum
2-Hydroxy-naphthalene
SO3H
SO3H
SO3H
2 - Amino-naphthalene
NH;
Amido G.Acid 2 -A m ino -naph tha lene -1 ,5 ,7 -trisu lphon ic
acid
a t th is  stage the Amido G Acid is  f i l t e r e d  o f f ,  being in s o lu b le
in  the ac id  l iq u o rs .
75% NaOH 
175-80°C
D ilu te d  to  Sp.Gr. 1.3 
Heated 105°C fo r  3 hours
SO.H
Y Acid
SOoH
Amido J .A c id
*
H2 N
75% NaOH 
185-190°C
\ 1/
SO.H
J .A c id
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1 .6 .3  Synthesis o f M.Acid
SG3H
Oleum
40"C HO3S
Laurents Acid
OH
SO3 H
°^s^ Dilute
SO3H Heat a t 
130°C
SO3H
70% NaOH
M.Acid
1 .6 .4  Synthesis o f S.Acid
H2SO4
Oleum
Naphthalene
SO3H
OH NH2
S.Acid
^  73% NaOH
175°C
NO2 SO3H
HNO
Fe + F éC l2
SO3H
1 .4 .8  Acid
— 24 —
2.0 Tables o f a l l  the Reported Amino Hydroxy Naphthalene
Sulphonic Acids
Tables 1 and 2 l i s t  a l l  the amino hydroxy naphthalene-
1 2 sulphonic acids recorded by Thorpe and Donaldson toge ther
w ith  those reported  in  the period under review  ir re s p e c tiv e  o f 
whether or not a method o f p repara tion  has been g iven.
Table 1 l i s t s  those isomers w ith  a -1 -su lphon ic  acid  group, 
and Table 2 those w ith  a -2 -su lphon ic  ac id  group.
By analysing these Tables, i t  can be seen th a t Thorpe 
recorded 48 isomers in c lu d in g  2 not recorded by Donaldson and 
Donaldson 49 which inc luded 3 not recorded by Thorpe. Thus in  1953 
a to ta l  o f 51 isomers were known toge ther w ith  methods fo r  th e ir  
p repa ra tio n .
In  the period  under review  48 isomers were reported  in  
Chemical A bs trac ts , 40 o f these were p re v io u s ly  recorded by Thorpe 
or Donaldson; 8 were unknown isomers and these are discussed in  
Section 4.
In  Tables 1 and 2
For the column headed ' a! 
For the column headed ' b '
read Thorpe 
read Donaldson
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TABLE 1 Summary o f Compounds Recorded in  the L ite ra tu re
Group
NH2 -OH
P os ition
SO3H
a b
Chemical A bstracts  Index
C ollec ted  Volumes No. 
5 6 7 8 9 10
S ing le  Volume No. 
96 97
2 3 1
2 4 1
2 5 1 X X X
2 6 1
2 7 1 X
2 8 1
3 2 1
3 4 1 X X X X X X
3 5 1 X X
3 6 1
3 7 1 X X X
3 8 1 X
4 2 1 X X X
4 3 1 X X X X X X X X X X
4 5 1 X X X X X X X X X
4 6 1 X X X X
4 7 1 X X X X
4 8 1 X X X
5 2 1
5 3 1 X X X
5 4 1 X X X X X
5 6 1 X X X X X  X
5 7 1
5 8 1 X X
-  26 -
TABLE 1 Continued
Group P os ition  
NH2-OH-SO3H
a b
Chemical A bstracts Index
C ollected  Volumes No. 
5 6  7 8 9 10
S ing le  Volume No. 
96 97
6 2 1
6 3 1 X X X
6 4 1 X X X X X X
6 5 1 X X X X X X
6 7 1
6 8 1
7 2 1
7 '3 1 X X X X X X X
7 4 1 X X X X
7 5 1 X X
7 6 1
7 8 1 X X X X'
8 2 1
8 3 1 X X X
8 4 1 X X %
8 5 1 X
8 6 1
8 7 1 X X X
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TABLE 2 Summary o f Compounds Recorded in  the L ite ra tu re
Group
NH2 -OH
P o s itio n
-SO3H
a
Chemical A bstrac t Index
b
C ollected  Volumes No. 
5 6 7 8 9 10
S ing le  Volume No. 
96 97
1 3 2
1 4 2 X X X
1 5 2 X X X
1 6 2
1 7 2
1 8 2 X X
3 1 2
3 4 2 X X X
3 5 2
3 6 2 X
3 7 2 X
3 8 2
4 1 2 X X
4 3 2 X X
4 5 2 X X X X X X
4 6 2 X X X X X
4 7 2 X X X X
4 8 2 X
5 1 2 X X X X X  X X
5 3 2
5 4 2 X X X X X  X X X
5 6 2 X X X X X X X X X
5 7 2 X X
5 8 2 X X
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TABLE 2 Continued
Group 
NH2” 0H
P o s ition
-SO3H
a
Chemical A bstract Index
b
C ollec ted  Volumes No. 
5 6 7 8 9 10
Single
96
Volume No. 
97
6 1 2 X X X
6 3 2 X X
6 4 2 X X X X X X X X X X
6 5 2 X X
6 7 2 X X X X  X X
6 8 2 X X .
7 1 2 X X X
7 3 2
7 4 2 X X X X X X X X X X
7 5 2 X X X
7 6 2
7 8 2 X X •
8 1 2 X X ,
8 3 2
8 4 2 X X X X X X X X X
8 5 2 X X X
8 6 2 X-
8 7 2 X X X X
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3 . 0  In fo rm a tion  on the Preparation o f Isomers Recorded
up to  1953
This sec tion  d e ta ils  the methods o f p repara tion  
reported  in  the l i t e r a tu r e  in  the review  period 1953 -  1982.
Before the in fo rm a tio n  can be c le a r ly  understood or seen in  i t s  
tru e  pe rspective , i t  is  necessary to  describe the e x te rn a l fa c to rs  
which were responsib le  to  a g reat ex ten t fo r  an almost complete 
change o f d ire c t io n  o f the research and manufacturing programme.
The th ree  major chemical companies o f the w orld ,
I.G . (Germany, I . C . I .  (Great B rita in )a n d  DuPont (America) were 
w e ll informed o f each o th e r 's  work. Thus the in fo rm a tio n  recorded 
in  the post war in te ll ig e n c e  re p o rts  B .I.O .S .^  and F . I .A .T .^ ,  which 
are the on ly p u b lic a l ly  a v a ila b le  documents, g ive  a c le a r 
o u tlin e  o f the research a c t iv i t ie s  o f a l l  the companies.
The in te n s ity  o f research and p o te n t ia l p roduction  o f  the 
non-manufactured isomers was o f paramount importance to  the 
f in a n c ia l success o f the companies, and to  ensure they were equipped 
to  produce these new products and any new in te rm ed ia tes , la rge  
investm ent plans were made to  meet the a n tic ip a te d  huge demand.
Therefore, in  a n tic ip a t io n  o f the boom, one company b u i l t  
th ree  new m anufacturing p la n ts  fo r  naphthalene compounds. These 
were a 2-hydroxy—naphthalene (3 Naphthol) p la n t, to  produce 
150,000 Kg per week; a general naphthalene in te rm ed ia tes p la n t and 
a 2-amino_naphthalene ( 3  naphthylamine) p la n t. This la t t e r  p la n t
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was la rge  enough to  produce s u f f ic ie n t  m a te ria l fo r  a l l  the 
J and Y acids and a lso  fo r  the very im portan t Azoic D yestu ff 
component 'N aphtho l' BN which gave Turkey Red shades w ith  the 
appropria te  diazo compound
CONH —
Naphthol BN
and fo r  any Azo d ire c t co tton  d y e s tu ff.
Some o f the events which caused the change o f d ire c t io n  
are given below; they are in  no p a r t ic u la r  order o f importance or 
o f time sequence, w ith  the exception o f the f i r s t  one which was o f 
major importance.
(a) The cessation  o f manufacture in  the period  1950 -  1955 
o f 2 -àm ino-naphthalene (g naphthylamine) because o f i t s  
carc inogenic e ffe c ts  on the work fo rce . This meant th a t 
new processes were requ ired  fo r  J and Y ac ids , and those 
are described in  Section 5.
(b)
7
The d iscovery o f Reactive D yestu ffs  by W. E. Stephen 
( I . C . I . )  and th e ir  manufacture in  1956 under the trade 
name o f "P rocion D y e s tu ffs ."  The f i r s t  examples were 
monoazo d ye s tu ffs  which had a fre e  amino group th a t 
had been reacted w ith  cyanuric  c h lo r id e  to  g ive  the 
re a c tiv e  d y e s tu ff. Procion Red M5B is  an example.
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N =C x
-N = N -
These d ye s tu ffs  could be used in  co ld  water and gave 
fa s t shades, superio r to  those obtained from t r a d i t io n a l  
d ye s tu ffs .
(c ) E lim in a tio n  o f the Azoic range o f d ye s tu ffs  a l l  o f which
consumed 2-hydroxy-naphthalene (3 Naphthol) thus 
reducing the demand fo r  th is  in te rm ed ia te .
(d) E lim in a tio n  o f 2-Phenylamino-naphthalene (Phenyl 
3 naphthylamine)
NH-
from the m anufacturing range because o f i t s  2 -am ino - 
naphthalene con ten t. Much o f th is  was manufactured 
from fo re  and end runnings o f the 2 -hydroxy- 
- naphthalene d is t i l l a t io n  which were unsu itab le  fo r  o ther 
uses. The product was an a n ti-o x id a n t fo r  rubber.
(e) The c lean ing  up o f the environment i . e .  a ir  p o llu t io n ,  
discharge to  sewers and r iv e rs ,  sa fe ty  in  manufacturing 
p la n ts  e tc . One company discharged ac id  liq u o rs  d ire c t
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in to  the r iv e r  because the r iv e r  bed was lim estone.
O ff gases such as n itro u s  fumes from a n it r a t io n  
or ammonia from an am ination had to  be scrubbed and 
any waste m a te ria l such as gypsum could not be tipped  
in d is c r im in a te ly .
( f )  The up-grading o f the s ta tu s  o f the p la n t opera tors in  
the la rg e r companies ( i . e .  I . C . I . )  from chemical 
labourers to  process opera to rs , which toge ther w ith  (e) 
above, re s u lte d  in  a change o f emphasis on cos ting  from 
m a te ria ls  to  expenses.
When m a te ria l costs were predominant i t  was e s s e n tia l 
to  get the maximum y ie ld ,  however when expenses had 
become predominant, throughput became im portan t. Thus 
i f  the y ie ld  from a re a c tio n  was 7Q?o a f te r  5 hours and 
87% a f te r  15 hours then the longer re a c tio n  tim e was 
used when m a te ria ls  were im portan t whereas the sho rte r 
re a c tio n  time was used when expenses were predominant.
(g) The cost o f b u ild in g  replacement p la n ts  w ith  a l l  the 
refinem ents requ ired  by modern standards.
This s itu a t io n  can be i l lu s t r a te d  by the fo llo w in g  example. 
A re a c tio n  in v o lv in g  Methanol as so lven t was to  be c a rr ie d  
out in  a standard g lass lin e d  pan a t 90°C under about 
14 p . s . i .  pressure. The cost o f re finem ents to  the u n it  
would under re g u la tio n s  a t the s ta r t  o f th is  review  pe riod  
have been about £2 0 , 0 0 0  m ainly fo r  an e labora te  gland 
fo r  the a g ita to r .
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To conform w ith  modern re g u la tio n s  a t the same cos ting  
ba s is , the cost o f the re finem ent o f the u n it  was about 
£800,000.
(h) The in tro d u c tio n  o f man made f ib re s  such as Nylon,
P o lyester and Terylene which cannot be dyed w ith  the 
t r a d i t io n a l  d ye s tu ffs .
There were w itho u t doubt o ther fa c to rs  but these are 
c le a r ly  the most im portan t ones.
With th is  in  mind, i t  is  th e re fo re  not s u rp r is in g , th a t 
on searching the l i t e r a t u r e ,o f  the 51 compounds known in  
1953 on ly  40 were found in  the period  under rev iew , and, 
o m ittin g  the 'B ig  F ive ' on ly  17 methods o f p repa ra tion  were 
recorded. Most o f these methods were o f academic in te re s t  
on ly . Of the major chemical m anufacturing companies, on ly 
Bayer A.G. (Germany) and Ciba-Geigy (S w itze rland ) appeared 
to  be in te re s te d  in  the research and manufacture o f th is  
type o f compound.
F in a lly ,  i t  must be emphasised th a t the new methods which 
are recorded below are on ly the f in a l  stages o f the 
syn thes is . Thus these ro u te s , l ik e  those g iven in  
Section 1 .4 , s t i l l  s u ffe r  from the problems associa ted 
w ith  the base m a te ria ls . This alone may have been the
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c ru c ia l fa c to r  fo r  the lack  o f in te re s t  in  producigg 
fu r th e r  isomers or even con tinu ing  to  produce those 
a lready made.
The fo llo w in g  compounds were recorded w ith  th e ir  
methods o f p repa ra tion .
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3.1 Isomer 341 Reg.No. 567-13-5
SO,H
'NHz 
OH
The two methods o f p repara tion  o f Isomer 341 from 
4-hydroxy-naph tha lene -l-su lphon ic  acid  (N.W.Acid) had been known 
fo r  90 years. These were (a) n it ro s a t io n  and reduction  and
(b) coupling  and s p l i t t in g  o f the diazo compound.
In  1976 a Russian Patent® described the n it ro s a t io n  
ro u te , but added l i t t l e  to  the in fo rm a tio n  a lready known. The 
pa ten t d id  however describe the d ia z o tis a tio n  o f the Isomer 341 
using sp e c ia l d ispe rs ing  agents.
Also in  1976 a Japanese Patent^ described the o ther rou te  
and gave d e ta ils  o f a new re duction  procedure fo r  the azo compound,
"Hydrazine hydrate 1 0 % (32Gg) was heated w ith  a 
m ixture  o f the azo compound a n il in e  N.W.Acid 
(328g), ca u s tic  soda (60g) fe r r ic  c h lo r id e  ( 8 g) 
in  water fo r  2 hours a t 60-7G°C to  g ive  85% 
y ie ld  o f Isomer 341."
This new rou te  would be very acceptable com m ercially s ince 
the a lte rn a t iv e  rou tes l e f t  much to  be des ired . Hydrazine hydrate 
has become much more re a d ily  a v a ila b le  in  recent years a t a much 
reduced cost and th e re fo re  Isomer 341 could probably be manu­
fac tu red  by th is  process a t an economic p r ic e  should i t  be
— 36 —
com m ercially re q u ire d .
SOaH
OH
+
OH
•• N = N
NaOH
FeCla
SO3H
+ >NH:
NOTE: A n i l in e —^  N.W. Acid is  the l i t e r a tu r e  abbre v ia tion  fo r
describ ing  the d y e s tu ff formed o f coup ling  d ia zo tise d  
a n il in e  onto N.W.Acid.
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3.2 Isomer 541
OHNHz
The th ree  re ferences to  th is  isomer gave no method o f 
p repa ra tio n , but a re fe rence was found in  'AKG' re p o rts .
This gave the method o f p repa ra tio n , w itho u t d e ta ils ,  as fo llow s ;
SO3H
SO HSO3H
SO2 CI4"
OSO2OH
HNO3
SO3H
OSO2OSO2NO2
60!
NaOH
SO,H
NH? OH
Isomer 541
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3.3 Isomer 641 Reg.No. 21013-47-8
SGaH
The method o f p repa ra tion , patented by Bayer A.G.^^ was 
reported  as a m anufacturing process. The d e ta ils  are as fo l lo w s ;-
"1 , 7-D iam ino-naphthalene-4-sulphonic acid  (O .lm o l) 
was charged in to  sodium b is u lp h ite  38% (400ml) a t 
95°C and held a t th a t temperature fo r  5 hours; i t  
d isso lved  a f te r  a sho rt time to  g ive  a ye llow  c o lo u r, 
h yd roch lo ric  ac id  was then added and a ir  blown to  
remove SO2 m a in ta in ing  a c id ity  to  Congo Red Test 
Paper. Caustic soda 40% (60ml) was added u n t i l  
a lk a lin e  and heated a t 80°C fo r  h a lf  an hour, before 
making acid  again and then s t i r r e d  u n t i l  co ld .
Y ie ld  was 80%."
SO3H
NaHSO
SO3H
Isomer 641
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3.4 Isomer 741 Reg.No. 38689-01-9
SOaH
No d ire c t method fo r  th is  Isomer was found, but a 
12Ciba-Geigy Patent l is te d  ijb in  a general patent headed "Semi- 
Continuous Manufacture o f Aromatic Amines", th is  invo lved  the 
re duction  o f n i t r o  compounds by the standard ir o n - ir o n s a lt  method 
a t 5G-11G°C. The method o f preparing the requ ired  base m a te ria l 
7 -n itro -4 -h yd ro xy -n a p h th a le n e -l-su lp h o n ic  acid  was not d isc losed .
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3.5 Isomer 841
The base m a te r ia l fo r  th is  isomer was obtained from 
the f i l t r a t e s  o f Isomer 541 (Section  3 .2 ) by s a lt in g  w ith  s a lt .  
This was then hydrolysed w ith  ca u s tic  soda to  g ive  B -n it ro -4 -  
hydroxy-naph tha lene-l-su lphon ic  a c id . I t  was s ta ted  th a t the 
reduc tion  o f th is  was very d i f f i c u l t  because i t  re a d ily  
desulphonated. The best reagent to  th is  re duc tio n  was fe rro u s  
sulphate in  a lk a lin e  medium.
10
A very popular reducing agent fo r  in te rm ed ia tes  o f th is  
type is  Na2 S4 . 2  made by the a d d itio n  o f su lphur to  sodium su lph ide  
c ry s ta ls  and heating to  d is s o lu t io n . The reasons why th is  exact 
compound works so w e ll are not understood but i t  has been used by 
the Author on many occasions w ith  g rea t success.
SO3H
ÜSÜ2
NaOH
■>
OH
FeSOtt
NaOH
-  41 - Isomer 841
Isomers 361, 651, 562, and 872 -  A l l  made by the same method
The fo llo w in g  fou r isomers
SO,H
561
SO,H
562
SO3H
H2 N
872
have p re v io u s ly  been made from th e ir  re sp ec tive  hydroxy- 
naphthalene-sulphonic a c id s ,th a t is  :
SO3H
561 
651
562 
872
from 6 -hyd roxy-naph tha lene-l-su lphon ic  acid  
from 5 -hyd roxy-naph tha lene -l-su lphon ic  acid  (O xy-L-Acid) 
from 6-hydroxy-naphtha lene-2-su lphonic ac id  (Schaeffer Acid) 
from 7-hydroxy-naphtha lene-2-su lphonic acid  (F .A c id )
This invo lve s  coupling  w ith  a d ia zo tise d  amine and 
reducing, or by n it ro s a t in g  and reducing. Both methods were q u ite  
s a t is fa c to ry  but in  the coup ling  method the choice o f the amine is  
im portan t s ince i t  has to  be removed com plete ly a f te r  reduc tion  so 
th a t the isomer can be is o la te d  pure.
This problem was e lim ina ted  by a new method patented by
13 .Bayer in  which s p e c if ic  amino naphthalene su lphonic acids were
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d ia zo tise d  and coupled w ith  the re le va n t hydroxy naphthalene 
sulphonic a c id . The unsym etrica l d y e s tu ff was then ox id ised  
and converted to  the symmetrical copper complex, which gave on 
reduction  on ly the requ ired  isomers as shown in  Sections 3 .7 -3 .1 0 .
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3.7 Isomer 561 Reg.No. 24615-22-3
SO3 H
13The Bayer patent described the p repara tion  as fo llo w s : -
"5-A m ino-naphtha lene-l-su lphon ic ac id  (Laurents 
Acid) 22 .3g, was d ia zo tise d  by the known method, 
and coupled in  a lk a lin e  medium w ith  6 -hydroxy- 
naph tha lene -l-su lphon ic  ac id  24g, a t a to ta l  volume 
o f 1000 ml. To th is  was added copper sulphate 
c ry s ta ls  (28g), sodium acetate ( 3 5 g ), and a ce tic  
ac id  (15m l), then hydrogen peroxide 3% (300ml), 
added dropwise over 2 hours. By the a d d itio n  o f 
potassium c h lo r id e  the symmetrical d y e s tu ff w ith  
the fo llo w in g  c o n s t itu t io n  was is o la te d .
HO3S
N = N
SO3H
The d y e s tu ff was d isso lved  in  water a t 70°C by the
a d d itio n  o f ca u s tic  soda 40% (20m l), and reduced by
the a d d itio n  o f sodium d ith io n a te . A fte r  15-20
minutes the s o lu tio n  was tre a te d  w ith  a c tiva te d
charcoa l, and a c id if ie d  to  p re c ip ita te  the isomer,
which a f te r  coo ling  was f i l t e r e d  o f f  to  g ive  37 .2 g (78% Theory)"
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3.8 Isomer 651 Reg.No. 573-07-9
SO.H
HoN
13The Bayer Patent described the p repara tion  as
fo llo w s : -
"6-A m ino-naphtha lene-l-su lphon ic acid  22 .3g, was 
d ia zo tise d  by the known method, and coupled in  a lk a lin e  
medium w ith  5 -hydroxy-naph tha lene -l-su lphon ic  acid  
(Gxy-L Acid) (24g), a t a to ta l  volume o f 1000ml. To 
th is  was added copper su lphate c ry s ta ls  (28g ), sodium 
aceta te  (35g), a ce tic  acid  (15m l), fo llow ed during 
2 hours by hydrogen-peroxide 3% (300m l), a t 50°C 
dropwise when a compound o f the fo llo w in g  c o n s t itu t io n  
was ob ta ined .
Cu 0
N =
SO3H
The d y e s tu ff was is o la te d  by a c id ify in g  w ith  hydro­
c h lo r ic  ac id  and s a lt in g  w ith  potassium c h lo r id e .
The d y e s tu ff was d isso lved in  400ml water and ca u s tic  
soda 4 O/0 ( 2 0 ml) and reduced w ith  sodium d ith io n a te  
(53g), A fte r  15-20 minutes the s o lu tio n  was tre a te d  
w ith  a c tiva te d  charcoal and a c id if ie d  a t room temper­
a tu re . The isomer y ie ld  was 25 g (52% T heory)."
— 45. —
3.9 Isomer 562 Reg. No. 5632-34-9
SOsH
13The Bayer Patent described the p repara tion  as 
fo llo w s : -
"5-Amino-naphthalene-2-su lphonic acid  (2 2 .3g), was 
d ia zo tise d  by the known method, and coupled in  a lk a lin e  
medium w ith  6 -hydroxy-naphtha lene-2 -su lphon ic  acid  
(Schaeffer ac id ) (24g), a t a to ta l  volume o f 1000 ml.
To th a t was added copper sulphate c ry s ta ls  (28g), 
sodium acetate (35g) and a ce tic  ac id  (15 m l), 
fo llow ed during 2 hours by hydrogen peroxide s o lu t io n  
3?o(300ml), dropwise a t room temperature whereby was 
obtained the copper complex w ith  the fo llo w in g  
c o n s t itu t io n .
^ ^ 00
N =
The d y e s tu ff was is o la te d  by a c id if ic a t io n  and s a lt in g  
w ith  potassium c h lo r id e .
-  46
The d y e s tu ff was d isso lved  in  water (400ml), and 
ca u s tic  soda 40% (20ml) and reduced w ith  sodium 
d ith io n a te  (53g). A fte r  15-20 minutes the s o lu tio n  
was tre a te d  w ith  a c tiva te d  charcoa l, a c id if ie d  and 
cooled to  room tem perature. The isomer y ie ld  was 
27g, (56% Theory)."
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3.10 Isomer 872 Reg. No. 24615-23-4
NH'
13The Bayer patent described the prepara tion  as 
fo llo w s :-
"8-Am ino-naphthalene-2-sulphonic acid  ( 1 , 7  Cleve 
Acid) (2 2 .3g), was d ia zo tise d  in  the known manner 
and coupled in  a lk a lin e  medium w ith  7 -hydroxy- 
naphthalene-2 -su lphon ic  acid  (F .A c id )(2 4 g ), a t a 
to ta l  volume o f IGOOml. When the coupling  was 
complete the d y e s tu ff was is o la te d , and d isso lved 
in  water (500m l), a t 70 C. To th a t was added copper 
sulphate c ry s ta ls  (28g), sodium acetate ( 3 5 g) and 
a ce tic  acid  (25m l), fo llow ed during 2 hours by 
hydrogen peroxide s o lu t io n  3 % (300ml) added drop- 
w ise, whereby the copper complex o f the fo llo w in g  
c o n s t itu t io n  was ob ta ined : -
Cu.
0
N =
SO3HSO3H
The complex was is o la te d  by the a d d itio n  o f 
hyd roch lo ric  ac id  (Congo Red Reaction) and 
potassium c h lo r id e .
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The complex was d isso lved  in  water (400m l), a t 75°C 
w ith  ca u s tic  soda 40% (20m l), and reduced by the 
a d d itio n  o f sodium d ith io n a te  (53g). A fte r  15-20 
minutes the s o lu t io n  was tre a te d  w ith  a c tiva te d  charcoal 
and the isomer p re c ip ita te d  w ith  h yd roch lo ric  ac id , 
cooled to  room temperature and f i l t e r e d  o f f .  The 
y ie ld  was 19 .2g (40% T heory)."
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3.11 Isomer 461 Reg.No.19582-07-1
SO3H
Isomer 461 was considered a l ik e ly  candidate fo r  manufacture
because when i t ,  or i t s  acy l and a ry l d e r iv a tiv e s  were used as the
coupling  components -  in  a lk a lin e  couplings i t  gave green shades
fo r  wool and co tton  and a lso  b lue-g rey to  grey shades when employed
in  chrome dyes. A lo t  o f in te re s t  disappeared when i t  was found
th a t the su lphonic acid  group was not very s tab le  and could m igrate
®3 s i ly  to  the adjacent p o s it io n  g iv in g  the isomer 462, whose dyes
IGwere not as a t t r a c t iv e .
In  1968 N icke l and Suckfu l in  a Bayer Patent^^ described the 
p repara tion  o f the isomer as fo llo w s :-
" l;7 -D ioxy-2 -ca rboxy-4 -naph tha lene -su lphon ic  acid  
(O .lm ol) as a m oist HCl or H2 SO4 wet paste, was 
heated fo r  24 hours a t 8 G°C w ith  ammonium s u lp h ite  
3.6M (280m l). A fte r  a c id ify in g  w ith  HCl (180ml) 
and removing the sulphur d io x id e , i t  was made 
a lk a lin e  w ith  ca u s tic  soda ( 1 0 0 m l), s t i r r e d  h a lf  
an hour and f i l t e r e d  to  g ive  80% y ie ld . "
SO3H SO3H
(NHk)2SG
-  50 -
In  the previous year (1967) a very long patent by 
Roe and T h iro t^^  revealed a com plete ly new approach to  syn thes is ing  
naphthalene-sulphonic acids in c lu d in g  Isomer 461.
The method o f p repara tion  was given as fa llo w s
"l-A m ino-7 -naph tho l sodium s a lt  (181 p a r ts ) ,
MnÛ2 (240 p a rts ) sodium b is u lp h ite  32% (1500 
pa rts  by v o l. )  were heated a t 55°G u n t i l  there  
was no tra ce  o f l-a m in o -7 -n aph tho l. The mass was 
then a c id if ie d  and SO2 removed, cooled and the
l-am ino -7 -naph tho l-4 -su lphon ic  ac id  (Isomer 461) 
f i l t e r e d  o f f .  The product contained some -2 ,4 -  
d isu lphon ic  a c id ."
50 ,H
N either o f the above methods were considered to  be 
com m ercially v ia b le . The method o f heating l-am ino -7 -naph tho l 
w ith  ch lo rsu lph on ic  acid  in  1 , 2 -d ich lorbenzene w ith  fo rm ic  acid  
as c a ta ly s t^ ^  which the Author had used many times was considered 
fa r  superio r e s p e c ia lly  i f  a d ispe rs ing  agent was added to  the 
re a c tio n  mass p r io r  to  the a d d itio n  o f the ch lo rsu lph on ic  a c id .
-  51 -
3.12: Isomer 471 Reg.No. 19532-09-3
. SO3H
HO
This compound was o f immense in te re s t  a t the s ta r t  o f the 
review  pe riod . The Author in ve s tig a te d  severa l methods o f 
p repara tion  a l l  o f which invo lved  a t le a s t one d i f f i c u l t  stage 
and hence ge ne ra lly  gave low o v e ra ll y ie ld s . The two im portan t 
p ro p e rtie s  o f th is  isomer w ere:-
(1) I t  coupled on ly once in  the p o s it io n  ortho  to  the 
amino group.
(2) The su lphonic acid  group d id  not m igrate to  the 
- 2 -  p o s it io n .
As w ith  isomer 461 a method o f p repara tion  was given by Roe 
15and T h iro t which was as fa llo w s : -
" l-A m in o -6 -naphtho l sodium s a lt  (181 p a r ts ) , MnOa 
(240 p a rts ) sodium b is u lp h ite  32% (1500 p a rts  by v o l. )  
were heated a t 55°C u n t i l  no trace  o f l-a m in o -6 -  
naphtho l. The mass was a c id if ie d  and SO2 removed, 
cooled and the l-am ino -6 -n aph th o l-4 -su lphon ic  ac id  
(Isomer 471) f i l t e r e d  o f f .  The y ie ld  was 60%."
NH2 SO3H
HO
*
-  52 - Isomer 471
3.13 Isomer 512 Reg.No. 58596-07-9
SO3H
Two p a te n ts^^ '^ ^  describe the p repara tion  o f
"Magenta Images provided by Phenylazonaphthyl Dyes" in  which one
o f the dyes u t i l is e d  Isomer 512 and recorded i t s  p repara tion  in
1 2d e ta i l .  The method was s im ila r  to  previous recorded methods ' 
but w i l l  be described because i t  is  more up to  date and more 
d e ta ile d .
The method was described as fo llo w s ;-
"l-A m ino-5 -naph tho l (5Gg) was added to  su lp h u ric  
ac id  (lOGg) below 3G°C and s t i r r e d  fo r  1 hour a t 
room tem perature; poured in to  ic e  (5GGg) and 
f i l t e r e d  o f f ,  and p u r if ie d  by s o lu tio n  in  aqueous 
sodium carbonate and re p re c ip ita t io n  w ith  a ce tic  
ac id . The product was then d igested in  2GGGml 
water con ta in ing  IGGml a ce tic  ac id , and a fte r  
coo ling  y ie lded  48g (7G% T heory)."
GH GH
H2SG4
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3.14 Isomer 632 Reg.No. 13617-80-6
SO3H
19
Jarkovsky d isc losed  the p repara tion  o f th is  isomer 
w ithou t quoting a y ie ld  as fo llo w s ;-
"2-Am ino-7-naphthol (lOg) was added to  su lp h u ric  
ac id  98% (60g), kept a t 100°C fo r  1% hours, d ilu te d  
w ith  25ml water and heated a t 10Q°C fo r  2 hours, 
cooled, f i l t e r e d  and washed w ith  water and then 
a lc o h o l."
The Author a lso prepared th is  Isomer by heating 
2-am ino-7-naphthol w ith  90% su lp h u ric  acid  a t 1G0°C.
HpSGu
H9N
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3.15 Isomer 142
NH
S O 3 H
OH
2 0Bogdanov described the p repara tion  o f th is  isomer, 
a lb e it  w ith  minimum d e ta ils ,  as fo l lo w s :-
" l-N a p h tho l-2 -su lp ho n ic  acid  when tre a te d  w ith  
aqueous n i t r i t e  and 1 2 % h yd roch lo ric  ac id  a t 
25-30°C gave the ye llow  l,4 -naph thaqu inone-2 - 
su lpho-4-ox im e.Reduction w ith  SnCl2 -HCl gave 
4-am ino -l-naph tho l-3 -S u lphon ic  a c id ."
In  the c o rre c t modern n o ta tio n  th is  la t t e r  compound would 
be w r it te n  as l-am ino-4-hydroxy-naphtha lene-2-su lphon ic  ac id .
SO3H NaNOa
HCl
0
SO3H
NOH
SnClz
HCl
OH
Isomer 142 
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3.16 Isomer 542 Reg.No. 35400-55-6
SOaH
This isomer has been te s te d , no t o n ly  as an in te rm e d ia te  
fo r  making azo d y e s tu f fs ,  bu t as a c a ta ly s t ,  an in d ic a to r  fo r  
n i t r i t e s  and n i t r a te s  and as a base m a te r ia l fo r  pharm aceu tica l 
p rodu c ts . However no o th e r method o f  p re p a ra tio n  has been g iven 
o th e r than those in  the  p re -re v ie w  re fe re n c e s . ’
N everthe less two p o te n t ia l ly  new methods can be suggested 
based on in fo rm a tio n  a v a ila b le  to  the  A u tho r.
( 1 ) I t  was s ta ted  in  Ako^^ re p o rts  th a t J .A c id  can be 
n it ra te d  to  g ive  7 -am ino-5-n itro -4-hydroxy-naphtha lene-
2-su lphonic ac id . This compound can be de-aminated 
to  5 -h itro -4 -hydroxy_naph tha lene-2 -su lphon ic  ac id  
which could be reduced using the standard iro n  
reduction  method to  g ive  the requ ired  isomer.
HoN SOaH UNO. H.N
J .A c id
SO,H
\  NaNOz
VvCOONa
SO3H SO3H
NO2  OH
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(2) The Author has prepared th is  isomer by desulphonation 
o f 4-am ino-5-hydroxy naph tha lene-1 ,7 -d isu lphon ic  acid  
(K .A cid ) by heating w ith  50% su lp h u ric  acid  a t re f lu x
fo r  about 8 hours. 21
SOaH
50% H2 SO4
OH NH2
SO3H
NH2 OH
K.Acid
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3.17 Isomer 752
H,N
22
Blagney described a new method o f p repara tion  o f th is 
isomer as fo llo w s
'4 -H ydroxy-naphtha lene-2 ,7 -d isu lphon ic acid  (V io le t
Acid) (1200g, 4.5mol) was added s low ly  to  Oleum 3G?o 
(120Gg, 1.14mol) then heated to  125°C fo r  4 hours, 
poured onto Ice (4.5Kg) and is o la te d  by s a lt in g  w ith  
s a lt  ( 6 GGg), which p re c ip ita te d  the disodium s a lt  
o f the compound ' A' .
HGsS SGsH
GH . 
V io le t Acid
Oleum
GH
Compound 'A
Compound 'A ' (55g) was heated w ith  ammonia 25%
(14Gml) fo r  4 hours a t 115 C which gave 2-amino-4-
hyd roxy-naph tha lene-l, 7 -d isu lphon ic  ac id  mono sodium
s a lt .  This product a f te r  is o la t io n  was heated w ith
h yd roch lo ric  ac id  and the requ ired  isomer was form ed.” 
SGaH
ISG3H NH4 GH
5G3H
-  58 - T e n m p r  7 R 9
3.18 Isomer 462
SO,H
23
Blagney described a new method o f p repara tion  o f the 
Isomer 462 as fo llo w s :-
N it ra t io n  o f N a p h th -(l,2 )-o xa d ia zo le -7 -su Iph o n ic  acid
N aph th -(l,2 )_oxad iazo le -7 -su lphon ic  acid  ( 2 2 . 5g, G.G9 mol) 
was charged w ith  coo ling  in to  su lp h u ric  ac id  1GG% ( l lG g ) .  Then 
w ith  ice  and s a lt  bath co o lin g , a m ixtu re  o f n i t r i c  ac id  4G°Be 
(IGg) and su lp h u ric  ac id  1GG% (2Gg) was added dropwise below -5°C 
and then s t ir r e d  fo r  2 hours a t th a t tem perature. Small pieces 
o f ic e  ( llG g ) were added to  p re c ip ita te  the 9 -n it ro -n a p h th ( l,2 ) -  
oxad iazo le -7 -su lphon ic  ac id , which a f te r  f i l t r a t i o n  was washed w ith  
su lp h u ric  ac id  5G°o ( 6 Gg) fo llow ed by a m ixture  o f a lcoho l and 
e ther and f in a l l y  w ith  e th e r, to  g ive  21-21.3 g ( 8 8 % Theory) Product A
Reduction o f the Diazogroup
Product A (21.45g) was added to  a lco ho l (2GGml) in  a 
d is t i l l a t io n  apparatus and aluminium powder (2 .4g) added. 2Gml 
a lcoho l was d is t i l l e d  o f f  during one hour and then the re a c tio n  mass 
tes ted  w ith  R esorcinol (no co lou r re a c tio n ) to  ensure the reduc tion  
was complete. The mass was f i l t e r e d  to  remove im p u r it ie s  and the 
residues washed w ith  hot a lco h o l. A fte r  concen tra tion , potassium
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c h lo r id e  s o lu tio n  25% (25ml) was added to  p re c ip ita te  the product, 
which a fte r  coo ling  was f i l t e r e d ,  washed w ith  potassium c h lo r id e  
s o lu t io n  then w ith  a lcoho l and ether and d rie d  in  a steam oven to  
g ive  15 .3g (60% Theory) 4 -n itro -6 -hyd ro xy-n aph tha lene -2 -su lph on ic  
ac id .
Reduction o f the N itro  Group
4-N itro -6 -hydroxy-naph tha lene -2 -su lphon ic  acid  (7.23g) 
was charged s low ly  in to  a reduc tion  vessel con ta in ing  water (50ml) 
p in  dust (7 .5g) a ce tic  acid  12% (7 .5m l) maintained a t i t s  b o il in g  
tem perature. When the reduc tion  was complete soda s o lu tio n  
1 0 . 6 % ( 1 0 ml) was added, the mass f i l t e r e d  and the product 
p re c ip ita te d  by the a d d itio n  o f h yd roch lo ric  ac id  36% (2 .5 m l). This 
was then cooled, f i l t e r e d  and washed w ith  w ater, a lcoho l and e ther 
and f in a l l y  d rie d . The y ie ld  was 4.92g (87.4% Theory).
23Blagney does not g ive  any in d ic a t io n  o f the p o te n t ia l 
hazard o f th is  ro u te . The Author, from h is  own experience, would 
s tre ss  th a t u n t i l  hazard te s ts  have been c a rr ie d  out on a l l  the 
stages o f th is  se rie s  o f re a c tio n s , they must be assumed to  be 
hazardous. This is  e s p e c ia lly  tru e  o f the d ry ing  stage o f the 
diazo compounds and the handling o f the diazo compounds themselves. 
(See a lso  comments in  Section 4 .5 )
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HOaS
HNO;
H2 SO4
Isomer 462
A1
\ |X
,0 ID SO3H % Fe\  CHoCOOH SO3H
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4.0 Isomers Recorded in  the L ite ra tu re  a f te r  1953
By examination o f Tables 1 and 2, in  Section 2 i t  was found 
th a t e ig h t new isomers had been recorded in  the period under review , 
these w ere:-
5 O3H
HO
271
OH SO3H
381
SO3H
OH 351
HO
372
H2 N
631
OH
NH2
NH.
482
HO
862
The method o f p repara tion  o f each isomer has been given 
where recorded, and c r i t i c a l l y  discussed where necessary. Where no 
method o f p repara tion  was g iven, the in fo rm a tio n  a v a ila b le  has been 
quoted toge ther w ith  suggested methods o f p re pa ra tio n .
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4.1 Isomer 271 Reg. No. 13617-82-8
SO3H
Two methods o f p repara tion  have been recorded, one by
19 15Jarkovsky and the other by Roe
4 .1 .1  Jarkovsky 's Method
Jarkovsky described h is  p repara tion  as fo llo w s :-
"2-Amino-7-hydroxy-naphthalene 51.2% (lO g, ,032mol) 
was added to  su lp h u ric  ac id  98% (100ml) and kept a t 
0°C fo r  3 hours. This was then poured in to  ice  
(lOOg) and kept a t 0°C o ve rn ig h t. The p re c ip ita te  
was f i l t e r e d  and washed w ith  water and e thanol.
Y ie ld  3 .75g ."
The product, 2 -am ino-7-hydroxy-naphtha lene-l-su lphon ic  
ac id , was id e n t i f ie d  by e lim in a tio n  o f the amino group and comparing 
the re s u lta n t product w ith  7 -hyd roxy-naph tha lene -l-su lphon ic  ac id  
(Croceine Acid) ch rom a tog raph ica lly .
Jarkovsky a lso s ta ted  th a t th is  compound coupled w ith  
diazonium s a lts  w ith  d i f f i c u l t y .
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Comments
The id e n t i ty  o f th is  isomer is  not as conclusive  as i t  
m ight a t f i r s t  appear. Jarkovsky fa i le d  to  re a lis e  the p o s s ib i l i t y  
o f su lphonation o f the p o s it io n  ortho  to  the hydroxy group. This 
compound on deamination would g ive 2 -hyd roxy-naph tha lene -l-su lphon ic  
acid  (Oxy-Tobias A c id ). This compound a lso couples w ith  d i f f i c u l t y ,  
and under these co n d itio n s  (Whatman No. 4 paper and e lu ted  w ith  
1-propanol, 5 % NaHC0 3 ( 2 : l ) )  would have a s im ila r  value to  th a t 
s ta te d .
To ensure th a t the c h a ra c te r is a tio n  was c o rre c t, the 
p o s s ib i l i t y  o f Oxy-Tobias Acid should have been e lim ina ted  by app ly ing  
the ADAMS TEST which is  s p e c if ic  fo r  Oxy-Tobias Acid.
ADAMS TEST
A s o lu t io n  o f d iazo tise d  4 - n it r o -a n il in e  is  added to  the 
te s t  s o lu t io n , and ca u s tic  soda l iq u o r  32% added to  make the s o lu tio n  
s tro n g ly  a lk a lin e . I f  Oxy-Tobias Acid is  p resent, a deep v io le t  
co lou r is  formed which is  discharged on hea ting ,
4.12 Roe's method fo r  Isomer 271
Roe described h is  method as fo llo w s-:-
"2-Amino-7-hydroxy-naphthalene (159g, l.Om ol) was
added to  e thanol (600m l), water (3000ml), sodium
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b is u lp h ite  32% (400g, 1.23mol) ca u s tic  soda fla k e  
(40g, l.O m ol) and heated to  70°C. Manganese d iox ide  
85% (40g,*39mol) added and pH adjusted to  6 .5 -7 . 5  by 
the a d d itio n  o f sodium b is u lp h ite ; heated 16-20 hours 
a t 70°C. F ilte re d , a c id if ie d  and b o ile d  to  remove 
the a lcoho l and SO2 , cooled, f i l t e r e d  and washed w ith  
co ld  w ate r. Y ie ld  = 191g 80% Theory"
Comments
No method o f id e n t i f ic a t io n  was given w ith  th is  method, but 
s u f f ic ie n t  examples o f th is  type o f re a c tio n  have been reported  such 
th a t the reader should have some confidence th a t the compound was 
indeed the desired isomer 271.
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4.2 Isomer 331 Reg.No. 27294-41-3
SO3H
OH
There 'are two re ferences to  Isomer 351, both being the 
work o f Bayer the la t t e r  being the most d e ta ile d .
The base m a te ria l 5 -n itro -n a p h th a le n e -l-s u lp h o n ic  acid  has been 
manufactured fo r  a long tim e, being formed as the minor isomer ( 2 2 %) 
in  the n i t r a t io n  o f naph tha lene -l-su lphon ic  ac id . However, i t  has 
never been is o la te d  as such. The separation from the major isomer 
(43%) was always done a f te r  the subsequent reduc tion  stage. A d ire c t  
method o f p repara tion  o f th is  m a te ria l would be the su lphonation o f 
1 -n itro -n aph tha lene  w ith  oleum. However the manufacture o f
1 -n itro -n a p h th a le n e  would now be banned because o f the simultaneous 
production o f 2 -n itro^n aph tha le ne  which on reduction  g ives the 
carcinogen 2 -amino-naphthalene ( 3  naphthylamine)
The Bayer process was described as fo llo w s :-
5 -N itro -n a p h th a le n e -l-su lp h o n ic  acid  (5 0 .6g, . 2 mol) 
was added a t 10° -  15°C w ith  coo ling  to  oleum 20% (400ml) and KNO3 
(22g, .217mol) added a t 10° -  15°C. This was s t i r r e d  3 hours and poured 
in to  ice  (2000g) a t 20°C, KOI (200g) was added and the m ixtu re  s t i r r e d  
o ve rn ig h t. The re s u lt in g  suspension was f i l t e r e d  and reduced w ith  
iro n  and the 3 ,5 -d iam ino -naph tha lene-l-su lphon ic  ac id  is o la te d  w ith  
HCl and s a lt  as an acid  paste.
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The ac id  paste ( .Im o l)  and NaHSÛ340% (200pts) was heated 
a t 105-8°C fo r  9 hours a c id if ie d  to  pH3.0 a t 50-80°C and s t i r r e d  to  
remove the SO2 . NaOH liq u o r  was added to  g ive  pH 10-10.5 and 
heated a t 90-100°C fo r  30 m inutes. This was then a c id if ie d  a t 70°C 
and s t i r r e d  u n t i l  co ld  to  g ive  3 -am ino-5-hydroxy-naphtha lene-l- 
su lphonic ac id .
Comment
The f in a l  re a c tio n  is  an e x c e lle n t example o f Bucherer's 
second ru le .  This s ta te s  th a t an amino group in  a p o s it io n  meta to  
a su lphon ic ac id  group w i l l  not re a c t w ith  sodium b is u lp h ite  and 
hence on ly  the 5-amino group was converted to  a hydroxy group.
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4.3 Isomer 381
OH SO3H
26
Cortes described the p repara tion  o f d e r iv a tiv e s  o f
2-hydroxy—1 ,3 ,2 -benzod ioxas tibo le  one o f which was derived from 
isomer 381. However, the p repara tion  o f isomer 381 was not inc luded
The fo llo w in g  method is  suggested as a poss ib le  rou te
NH2 S O 3 H
—  + 
OitS=N=N SO3H
NaNO,
OH H2SO4
Isomer
8 .3 .1
NHuOH
OH SO3H
Isomer 381
— 68 —
4.4 Isomer 631 Reg.No. 74709-91-4
SO3H
27Todres used X-ray c ry s ta llo g ra p h y  to  in v e s tig a te  the 
c o n s t itu t io n  o f a compound which he had prepared and recorded in  
h is  th e s is  in  Moscow in  1962. No method o f p repara tion  was given 
but the compound was shown to  be isomer 631.
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4; 5 Isomer 372
23
Blagney prepared th is  compound by the n it r a t io n  o f 
haphth-( 1 ,2 )—oxad iazo le -8 -su lphon ic  ac id , to  g ive  7 -n itro -n a p h th -
(1 ,2 )—oxad iazo le -8 -su lphon ic  ac id . A fte r  is o la t io n  and 
r e c ry s ta l l is a t io n  from w ate r, the product was tre a te d  w ith  aluminium 
in  e thanol to  remove the diazo l in k ,  and then reduced w ith  iro n  to  
g ive  isomer 372.
N = N
HO3S
N = 'N
HO3S
O2 N
ETOH
A1
The p repara tion  d e ta ils  were reported  as fo llo w s
"To 22 .5g n a p h th -( l,2 )-o xa d ia zo le -8 -su lp h o n ic  acid  
was added w ith  coo ling  and s t i r r in g  llO g  cone, 
su lp h u ric  ac id , lOg (40°Be) n i t r i c  ac id  and 20g 
Monohydrate. The m ixture  was sto red  ove rn igh t a t 
0 C, and llO g  ice  added. A fte r  s to r in g  the m ixture  
overn igh t a t 0°C, the p re c ip ita te  was c o lle c te d  by
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f i l t r a t i o n ,washed w ith  60g su lp h u ric  ac id  50% and 
equal m ixture  o f e thanol and e ther and f in a l l y  w ith  
e th e r. The y ie ld  was 21-21.5g o f 7 -n itro -n a p h th -
( 1 , 2 ) -o x a d ia z o le -8 -su lphon ic  ac id .
This was charged in to  200ml e thanol and heated w ith  
2.4g aluminium to  b o il in g  and in  the course o f 1 hour,
20ml e thanol d is t i l l e d  o f f .  The hot l iq u o r  was 
screened and concentrated to  50ml cooled and f i l t e r e d  
o f f .  The y ie ld  was 15 .3g 2 :6 :7 ; H0 (N0 2 )C i0H5SO3H.
This on reduction  gave 100% y ie ld  o f 2 :6 :7
H 0 ( N H 2 ) C i 0 H 5 S O 3 H  w h i c h  w a s  t h e  r e q u i r e d  3 : 7 : 2  i s o m e r . "
Comment
I f  the above p repara tion  was attempted w itho u t re fe rence  to  
the o r ig in a l paper, a dangerous s itu a t io n  could a r is e . The procedure 
must be fo llow ed e x a c tly ; th a t is ,  the oxadiazole must be charged 
to  the cooled su lp h u ric  a c id , the n i t r i c  acid  and the monohydrate 
mixed and cooled and then added to  the s t i r r e d  m ixtu re  a t -5°C.
From experience in  the la b o ra to ry , oxadiazoles o f th is  type 
do not n it r a te  e a s ily  under the above co n d itio n s , and must be s t i r r e d  
fo r  severa l hours in  the su lp h u ric  ac id  medium before the a d d itio n  
o f the n i t r i c  ac id .
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I f  th is  compound was being considered as a replacement 
fo r  the manufactured isomer 431 (1 :2 :4  ac id ) sp e c ia l care would 
have to  be taken as d ry ing  the oxadiazole could be hazardous.
28As an a lte rn a t iv e , the water wet paste could be added to  Oleum. 
However, th is  would a lso  present a number o f hazardous problems 
which would have to  be reso lved before f u l l  scale t r i a l s  could be 
undertaken.
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4.6. Isomer 432 Reg.No. 72307-56-3
I t  is  most s u rp ris in g  th a t th is  compound has not been 
p re v io u s ly  recorded in  the l i t e r a tu r e  since i t  was e x te n s ive ly  
evaluated as an in te rm ed ia te  fo r  Copper and Chrome Azo D yestu ffs  
40-50 years ago by a l l  the major d ye s tu ffs  m anufacturers. I t  must 
be concluded th a t the products had no outstand ing m e rit, or were 
too expensive to  manufacture.
29Two re ferences appear fo r  th is  compound one by Gasparie 
and another by Osmann^^, both o f whom used the.isomer but gave no 
d e ta ils  o f i t s  p repa ra tio n .
Many people have coupled diazo compounds w ith  the in te rm ed ia te
313-hydroxy-naphtha lene-2-su lphonic acid  . The reduction  o f any o f
Q
these d ye s tu ffs  w ith  sodium su lph ide , Hydros, or hydrazine would have 
given the isomer in  good y ie ld  and q u a li ty .
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4.7 Isomer 482
50,3 H
32A Japanese Patent describes the use o f th is  isomer in  an 
admixture w ith  basic d ye s tu ffs  to  improve the dyeing p ro p e rtie s  o f 
polyamide f ib re s ,  but gave no method fo r  i t s  p repa ra tion .
I t  is  most probable th a t the fo llo w in g  th ree  stage processes 
were used, s ince the f i r s t  two stages have been f u l l y  described in  the 
l i t e r a tu r e ^ ^ ’ ^^ and the f in a l  stage is  s im ila r  to  the J .a c id  fu s ion  
which is  a lso w e ll documented.
SOsH
HGsS
Zn
NaOH
SO3H
5 O3 H
0% OLEUM
NaOH HO3S
This isomer would be a u se fu l in te rm ed ia te  fo r  the d y e s tu ff 
chem ist, but would be very expensive because the base m a te ria l 8 -amino. 
naphtha lene-1 ,6 -d isu lp h o n ic  acid  (1 .3 .8  Acid) is  on ly produced as a 
10?o isomer in  the manufacture o f 8 -am ino-naphthalene-1 ^5 -d isu lp ho n ic  
acid  (1 .4 .8  A c id ).
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4.8 Isomer 862
SOhH
29Gasparie used th is  compound in  chromatographic s tud ies  
but d id  not d isc lose  i t s  method o f p repa ra tion ."
35 36Cassella ’ most probably prepared the isomer in  1890 when 
he described the "fu s io n  o f l-na p h th y la m in e -3 ,7 -d isu lp h o n ic  acid  
w ith  40% ca u s tic  soda l iq u o r  a t 200°C to  g ive  l-am in o -7 -n a p h th o l-3 - 
sulphonic ac id  w ith  a more so lub le  isom er."
A fu r th e r  method was found in  'AKO' Reports^^ which gave the 
fo llo w in g  process as a d ire c t  method o f p re pa ra tion .
" l-naph thy lam ine -3 ,7~ d isu lphon ic  acid  was heated 
under re f lu x  w ith  90% NaOH a t 240°C in  a s t i r r e d  
vesse l, when pure l-am ino -3 -naph tho l-7 -su lphon ic  
ac id  was formed in  70% y ie ld .  The e a s ily  
d is tin g u ish e d  l-am ino -7 -na ph tho l-3 -su lp hon ic  acid  
which was formed to  some exten t in  the fus ion  
process was not formed under these c o n d itio n s .
The base m a te ria l was o ften  impure and d i f f i c u l t  
to  p u r i f y . "
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5.0 The 'B ig  Five
This section  d e ta ils  (a) the o r ig in a l m anufacturing processes 
o f the f iv e  main am ino-hydroxy-naphthalene-sulphonic acids toge ther 
w ith  any changes which have been made during the review  pe riod , and (b) 
other work and methods o f p repara tion  suggested in  the l i t e r a tu r e .
The in d u s t r ia l  names o f these compounds have been used a t a l l
times in  th is  se c tio n , and to  ensure the reader is  f u l l y  acquainted
w ith  them, they are repeated be low ;-
SO3H
(1)
( 2)
(3)
(4)
(5)
H2 N
H,N
SO3H
SO3H
OH
OH
4-Am ino-3-Hydroxy-naphthalene-
1-Sulphonic acid  
Isomer 431
In d u s tr ia l Name 1 .2 .4 . Acid
6-Amino-4-Hydroxy-naphthalene- 
2-Sulphonic acid  
Isomer 642
In d u s tr ia l Name y Acid
7-Amino-4-Hydroxy-naphthalene- 
2-Sulphonic Acid 
Isomer 742
In d u s tr ia l Name J .A c id
4-Amino-5-Hydroxy-naphthalene-
1 -Sulphonic acid  
Isomer 451
In d u s tr ia l Name S.Acid
8-Amino-4-Hydroxy-naphthalene- 
2-Sulphonic acid 
Isomer 842
In d u s tr ia l Name M.Acid
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With the exception o f M.Acid, which has only been 
prepared in  the la b o ra to ry , the Author has been h e a v ily  invo lved  
w ith  the manufacture o f these Isomers from the base m a te ria l 
Naphthalene up to  the Isomer i t s e l f .
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5.1 Manufacture o f 1 .2 .4  Acid Reg. No. 116-65-2
1 .2 .4  Acid was made by the C la ss ica l Chemical R eaction :-
NO
NaHSO
SO3H
25 .1 .1  M anufacturing Process
2-Hydroxy-naphthalene (144g, Im ol) was added to  water (900ml) 
and heated to  50 C, ca u s tic  soda 32% (125g, Im ol) was then added and 
s t i r r e d  u n t i l  i t  had com plete ly d isso lved .
Test 1
When one drop o f th is  s o lu t io n  is  added to  C layton Yellow 
Test Paper i t  should g ive a red co lo u ra tio n  in d ic a tin g  
th a t excess a lk a l i  is  present.
Sodium n i t r i t e  (7 0 .4g, 1 . 0 2 mol) was d isso lved  in  water (100ml) 
and run in to  the re a c tio n  mass, the volume being ad justed to  1500ml 
w ith  ice  and water such th a t the temperature was 0°C. W h ils t main­
ta in in g  th is  tem perature, su lp h u ric  ac id  40% was added s low ly  during 
3 hours u n t i l  Test 2 was s a t is f ie d .
Test 2
When one drop o f the re a c tio n  mass is  added to  Congo Red 
Test Paper, i t  should g ive a deep b lue -b lack  c o lo u ra tio n , 
in d ic a tin g  a pH o f less  than 2 .5 .
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The mass was a g ita te d  fo r  one hour then f i l t e r e d ,  
and washed w ith  co ld  w ate r. The ye llow ish  green l- n i t r o s o -2 -  
hydroxy-naphthalene paste was used d ir e c t ly  fo r  the next stage o f the 
manufacture.
The h itro s o  paste was added to  water (500ml) and ice  added 
to  reduce the temperature to  5°C. Sodium b is u lp h ite  40% (650g, 2 . 5 mol) 
was then added as q u ic k ly  as p o ss ib le . A c le a r s o lu t io n  was obtained 
w ith  a sm all amount o f ta r  th is  being removed by screening. Ths 
temperature o f the f i l t r a t e  was ad justed to  25 C and su lp h u ric  acid  
30% (200g, .612mol) added during 1 hour. This was then s t i r r e d  fo r  
1 hour, heated to  50 C and allowed to  stand w ithou t a g ita t io n  fo r  a 
minimum o f 12 hours. The mass s o l id i f ie d  to  a cake, which was 
f i l t e r e d  and washed w ith  co ld  water and d rie d . The y ie ld  was 215g 
(90% Theory).
5 .1 .2  Improvements Suggested in  the L ite ra tu re
Kolay^^ c a rr ie d  out a very d e ta ile d  in v e s t ig a tio n  in to  the 
use o f va rious s treng ths  o f a lk a l i .  He concluded th a t the n it ro s a t io n  
was best c a rr ie d  out when the 2 -hydroxy-naphthalene was in  a h ig h ly  
dispersed s ta te  achieved by adding 0 . 8 % d ispe rs ing  agent and operated 
a t a very high le v e l o f co ncen tra tio n . This gave an is o la te d  y ie ld  
o f l-n itro so -2 -hyd ro xy -n ap h th a le n e  o f 90-93%.
Kolay a lso s ta ted  th a t the b is u lp h ite  compound requ ired  
h a lf  to  one hour to  form a t 18—20 C and th a t i t  was converted to
1 .2 .4  Acid by the a c tion  o f su lp h u ric  ac id  a t 50°C over 2 days.
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Zdenek described a process fo r  the continuous production 
o f 1 .2 .4  Acid by feeding l-h itroso -2 -hyd ro xy -n ap h th a len e  and 
su lp h u ric  ac id  in to  the bottom o f a column, w ith  sodium b is u lp h ite  
as a downcomer. The in te rn a l ly  formed b is u lp h ite  compound re-arranged 
and was extruded as a pasty product a t the top o f the column.
5 .1 .3  Comments and Suggestions
1
The process described in  Section 5*1.1  had a number o f drawbacks. 
I t  requ ired  a la rge  number o f ^ s s e ls , invo lved  th ree  f i l t r a t io n s  
and f in a l l y  allowed the product^ to  s o l id i f y .  The la t t e r  is  o f no 
consequence in  the labo ra to ryv  but on the m anufacturing scale th is  
requ ired  men to  c lim b in to  the  vessel and d ig  i t  ou t!
A modern manufacturing process must not on ly be econom ically
v ia b le  but a lso environm enta lly  acceptable. In  th is  process two gases
*
were lib e ra te d  and th e re fo re  the re a c tio n  vessels would have to  be 
connected to  the necessary gas adsorbers. Provided th a t the causes 
o f the fo rm ation  o f im p u r it ie s  can be removed or prevented, the process 
is  s u ita b le  fo r  opera ting  as a s in g le  stage process w ith  on ly one 
f^ ^ t r a t io n ,  th a t o f the f in a l  p roduct. This was achieved by making 
the fo llo w in g  m o d if ic a tio n s : -
The ca u s tic  soda was added to  the water and the temperature 
adjusted to  25°C. The 2-Hydroxy.naphthalene was sieved in  to  e lim in a te  
lumps which would not d isso lve , and s t i r r e d  u n t i l  a complete s o lu t io n  
was obta ined. Commercial s treng th  su lp h u ric  ac id  (B .O .l/. 78%) was
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added below the surface o f the mass to  re p re c ip ita te  the
2-hydroxy-naphthalene a t an even ra te  over severa l hours. This gave 
a very f in e  suspension which was easy to  n it ro s a te , w ithou t the use 
o f a d ispe rs ing  agent.
The sodium n i t r i t e  was added as a s o lid  and a g ita te d  to  
d isso lve  before the su lp h u ric  ac id  was added s low ly  below the 
surface such th a t no fumes were em itted , the re  was no fro th in g , and 
on te s t ,  no 2 -hydroxy-naphthalene remained unreacted.
The conversion o f the n it ro s a t io n  mass to  the 'B is u lp h ite ' 
compound fre e  o f ta r  was achieved by a d ju s tin g  the mass to  i t s  
e f fe c t iv e  temperature and pH and on adding the Sodium b is u lp h ite ,  a c le a r 
s o lu t io n  in d ica te d  a successfu l re a c tio n .
The m odernisation o f the rearrangement stage, th a t is  the 
conversion o f the 'B is u lp h ite ' compound to  1 .2 .4 . Acid was very 
d i f f i c u l t  to  achieve. The days o f men c lim b ing  in to  va ts  to  d ig  out 
a s o lid  product are past and gone as are the processes which invo lved  
ho ld ing  va ts  a t 50 C fo r  2 days. T he o re tica l cons id e ra tion  o f th is  
re a c tio n  in d ica te d  th a t i t  was exotherm ic. When th is  was taken in to  
account and a more s u ita b le  pH chosen the re a c tio n  tim e was reduced 
to  5 hours. By g e n tly  s t i r r in g  th is ,  a mobile mass was obta ined, 
which could then be de-gassed by prolonged a g ita t io n  p r io r  to  
f i l t r a t i o n  and washing. The la b o ra to ry  y ie ld  was obtained in  
manufacture, th is  being o f the order o f 85%.
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5 .1 .4  Other L ite ra tu re  Methods
Baman and Schriever published severa l p a pe rs^^ '^^ '^^  
dea ling  w ith  the o x id a tio n  o f naphthylamine (su lphon ic  ac ids) 
using ozone, manganese d iox ide  and sodium metabis u lp h ite .  This 
rou te  however to  1 .2 .4  Acid lacked commercial p o te n t ia l.
The Bayer pa ten t^^ re fe rre d  to  in  Section 3 was also used 
fo r  the p repara tion  o f 1 .2 .4 . Acid . However, the coup ling  component
3-hydroxy-naph tha lene -l-su lphon ic  acid  is  u su a lly  obtained from
1 .2 .4  Acid i t s e l f ,  thus th is  is  not a v ia b le  ro u te . Nevertheless
4- ' 9
the Tooke method which uses hydrazine hydrate could be a p ra c t ic a l 
way to  reduce the D yes tu ff obtained from 3 -hydroxy-naph tha lene -l- 
su lphonic acid  now th a t hydrazine hydrate has become a v a ila b le  a t an 
economic p r ic e .
5 .1 .5  Conclusion
The l i t e r a tu r e  has l i t t l e  to  o f fe r  in  the way o f a p o te n t ia l 
m anufacturing process, and although Kolay and Zdenek have made d e f in i te  
progress, they on ly considered p a rt o f the process. To be o f re a l 
value they should have d e a lt w ith  the re a c tio n  as a whole.
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5.2 Gamma Acid Reg. No. 90-51-7
U n t il  about 1954-1955,y Acid and J .A c id  were manufactured 
by the '2-Amino»naphthalene' process. Thereafte r separate processes 
were used fo r  each compound. The o r ig in a l process is  shown be low :-
(NH^ JzSOs
Gleum
HzN
SOoH
Amido
H,N
SG,H
G.Acid (S o lid )
Caustic
Fusion
F i l t r a t io n  
f ---------------------->
SGoH
HG,S
H,N
SGsH
SGsH
F i l t r a te
Acid
H yd ro lys is
SG.H
SG,H
yA cid Amido J .A c id
Caustic
Fusion
HoN 50, H
J.A c id
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3 .2 .1  The Problem Associated w ith  2-Amino-naphthalene
The reason fo r  the d ra s tic  change o f manufacturing processes 
was the cessation  o f the production  o f 2 -am ino-naphthalene, brought about 
by a change in  the In d u s tr ia l C limate and pressure o f p u b lic  op in ion .
Many men who had operated the 2-amino-naphthalene p la n ts  
or who had been invo lved  w ith  i t s  use, had died from cancer; th u s . i ts  
e ffe c ts  were w e ll known. I n i t i a l l y  the manufacturers d id  not withdraw 
the compound but b u i l t  open a ir  p la n ts  to  safeguard the men, but in  
fa c t th is  was probably a bad dec is ion  because the land and b u ild in g s  
ou ts ide  the p la n t were then contam inated. The Author was seconded to  
one such p la n t as a s h i f t  chemist but because o f the te r r ib le  hazard, 
w ith  yo u th fu l d ilig e n c e , was able to  opt out w ith in  a few weeks. The 
p la n t operated fo r  about 1 0  more years.
Although the scourge o f 2—amino.naphthalene was w e ll known, 
o ther compounds which conta ined i t  were considered sa fe . The Author 
was again invo lved  in  research work on the p repara tion  o f amino- 
hydroxy—naphthalene—sulphonic acids based on 2 —amino-naphthalene-1 —
!\r\
sulphonic acid  (Tobias Acid) which unknown to  him conta ined fre e  
2-amino naphthalene.
A fu r th e r  source o f 2-amino-naphthalene was from the 
manufacture o f 1-amino-naphthalene. The n i t r a t io n  o f naphthalene 
produced 1 -r iitro -n a p h tha le n e  contaminated w ith  2 -h itro -n a p h th a le n e  
which a fte r  reduc tion  was separated out as 2 -am ind-naphthalene.
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The Author was again invo lved  w ith  th is  process in  about 1965 
when he devised and developed a process fo r  the safe removal o f 
2 -n itro -naph tha lene  by a method in v o lv in g  the Janovsky Reaction^^. 
However, before th is  became o p e ra tio n a l, a member o f the p la n t 
s t a f f  died from cancer and the p la n t was closed never to  re-open.
Some 10 years ago there  was another p u b lic  ou tcry  when i t  
was revealed th a t a Rubber Company was found to  be using imported 
2 -àm ino-naphthalene.
With the help o f t . I . C . ,  g . l . c . ,  and h . p . l . c . ,  i t  is  now 
possib le  to  de tect the presence o f th is  and other carc inogenic 
compounds present as im p u r it ie s  and to  take p o s it iv e  a c tion  to  remove 
them or to  cease th e ir  manufacture. The e f fo r t  o f companies to  do 
th is  was revealed in  a se rie s  o f American Cyanamid Patents^^” ^° 
describ ing  methods o f reducing the 2 -amino-naphthalene conten t in  
Tobias Acid to  a le v e l o f 13ppm. A le t t e r  from American Cyanamid 
to  the Author s ta ted  th a t they have now ceased a l l  such manufacture.
3*2.2 Manufacture o f y Acid by the ' 2:^.Amino_naphthalene * Process
This has been inc luded because o f i t s  h is to r ic  value and 
to  enable a comparison to  be made w ith  the present day process.
2-Amino.naphthalene from 2-Hydroxy-naphthalene
2 —Hydroxy-naphthalene was charged in to  an autoclave co n ta in in g  
ammonia and ammonium b is u lp h ite ,  the autoclave sealed and heated 
to  150 C fo r  8 hours. This was then discharged in to  w ater, when the
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product was separated as an o i l .  The o i l  was washed w ith  hot 
water under pressure, then vacuum d is t i l le d  and theproduct 'F la k e d '.
Sulphonation o f 2-Amino-naphthalene to  Amido G.Acid
The 2-Amino-naphthalene was charged in to  Oleum 20% a t a 
\ temperature below 35°C and s t i r r e d  u n t i l  a sample was com plete ly 
^so lu b le  in  d ilu te  sodium carbonate s o lu t io n . Oleum 65% was added 
and the m ixture  heated to  70°C fo r  1 hour, then 95°C fo r  15 hours. 
This was then cooled and discharged in to  ice  and water g iv in g  a 
f in a l  temperature o f 20°C. The 7 -am ino-naphtha lene-1,3-d isu lphon ic  
ac id  (Amido G.Acid) was p re c ip ita te d  and f i l t e r e d  o f f .  The f i l t r a t e  
contained 2 -a m in o _ n a p h th a le n e -l,5 ,7 -tr isu lp ho n ic  acid  which was 
tra n s fe rre d  to  the J .A c id  u n it .  The Amido G.Acid paste (Im o l) was 
charged in to  water a t 95°C sodium carbonate (Im o l) added fo llow ed 
by lim e u n t i l  the mass was ju s t  no longer acid  to  Congo Red Test
Paper.* The gypsum was f i l t e r e d  o f f  and washed w ith  hot w ater. The
f i l t r a t e s  were then made a lk a lin e  w ith  sodium carbonate, the cha lk 
f i l t e r e d  o f f  and the liq u o rs  concentrated to  60%. The Amido G.Acid*
disodium s a lt  was now ready fo r  fus ion  to  y Acid.
*Note: The pH maybe 3-6 .5  but must not be allowed to  become
a lk a lin e  as th is  would destroy the ph ys ica l form o f the gypsum.
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5.2 .3  Fusion o f Amido G.Acid to  y Acid
Sodium hydroxide 75% (427Kg,8mol) was run in to  an 
autoclave and heated to  175°C. Amido G.Acid 60%(1.3mol) was run
in  a t 175-180 C over 15 hours and the water allowed to  evaporate
such th a t the volume a t the end o f the a d d itio n  was 550 1. The
autocalve was then sealed and heated to  205°C fo r  7 hours. This
was then cooled, the pressure re leased and the mass d ilu te d  w ith  
water and blown in to  d ilu te  su lp h u ric  a c id . A fte r  the removal o f
the SO2 the batch was cooled f i l t e r e d  and washed. Y ie ld  90%
3 .2 .4  Replacement Process fo r  the Manufacture  o f y Acid
Very l i t t l e  fu r th e r  work was requ ired  to  develop th is  new
process. A very good manufacturing process fo r  7 -hydroxy_naphthalene. 
1 ,3 -d isu lp h o n ic  ac id  (G .Acid) a lready e x is te d , so a l l  th a t was 
requ ired  to  be developed was a Bucherer re a c tio n  on the G.Acid to  
g ive  Amido G.Acid. The Amido G.Acid could be converted in to  y acid  
using the fus ion  re a c tio n  employed in  the previous process.
The process was as fo llo w s : -
SO3H
SDsH
NH4 ÜH H2 N
SO2 ^
G.Acid
SO3H
SO3H
Amido G.Acid
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Ammonia 28% (4mols) was charged in to  an autoclave and 
the dipotassium  s a lt  o f G.Acid (Im o l) added as a 60% paste fo llow ed 
by SÜ2 ( .3 m o l). The autoclave was then sealed and heated to  180°C 
fo r  18 hours. The re a c tion  mass was then blown in to  a d is t i l l a t io n  
vessel con ta in ing  ca u s tic  soda (Im o l) and the ammonia d is t i l l e d
o f f  and recovered fo r  re -use . The liq u o r  was then evaporated to
60% and used d ir e c t ly  fo r  the fu s ion  to  y Acid . The y ie ld  was 
97-98%.
The process had in  fa c t been used by some manufacturers 
to  supplement the manufacture o f y Acid . I t  was employed when the
demand fo r  y Acid had exceeded th a t which was obtained from the
2-amino-naphthalene process and the manufacturers d id  not wish to  
s to c k p ile  J .A c id .
5 . 2 . 5  L ite ra tu re  In fo rm a tion
A continuous process^^ has been described which gave a y ie ld  
o f 98% and p u r ity  99%. The re a c tio n  was c a rr ie d  out in  a sp e c ia l 
t ita n iu m  p la ted  re a c to r where the r a t io  o f reac tan ts  and the 
temperature o f the re a c tio n  were s im ila r  to  those in  the above 
process.
52A Ciba-Geigy general patent fo r  the manufacture o f y Acid, 
J.Acid,^2R Acid and o ther hydroxy-naphthalene compounds claimed 
high y ie ld s  o f y Acid (91%). In  th is  case the fus ion  temperature 
was 185-90°C, when 4mols o f ca u s tic  soda were used per mol. o f 
Amido G.Acid, the re a c tio n  time was not less  than h a lf  the charging
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tim e and the water content between 0.5-20%. This method was 
a lso s u ita b le  fo r  use as a continuous process.
5 . 2 * 6  Other Suggestions
There is  a fu r th e r  method o f p repara tion  o f y Acid but 
no mention o f i t  in  the l i t e r a tu r e  could be found. This process 
was used fo r  the p repara tion  o f N-Methyl y Acid and is  as fo llow s :
HO NaOH
3O3H
OH
N-Methyl y Acid
(CH3 ) NH2
This method could be used"fo r yA cid  i f  ammonis is  
s u b s titu te d  fo r  methylamine.
5.2^7 Conclusions
There is  s t i l l  much in te re s t in  the manufacture o f y Acid , 
as shown by the two pa ten ts . However the aim o f the work is  to  
standard ise  the process such th a t severa l products can be 
manufactured in  the same p la n t. This co n tra s ts  w ith  the p ra c tic e  
o f 50 years ago where each product had i t s  own p la n t.
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The high y ie ld s  a tta in e d  in  the Bucherer and Fusion 
stages leave l i t t l e  or no scope fo r  a fu r th e r  improvement in  the 
re a c tion s  themselves. This was demonstrated by the use o f the 
c la s s ic a l co n d itio n s  in  the p ro jec ted  processes described in  the 
pa ten ts .
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5.3 J.A c id Reg.No. 87-02-6
J .A c id  has been the most im portan t isomer since i t  was 
f i r s t  prepared. The manufacture has caused the death o f many work­
men and even today the l i t e r a tu r e  revea ls  th a t major manufacturers 
are s t i l l  concerned w ith  the presence o f 2 -amino-naphthalene formed 
during i t s  manufacture.
5 .3 ,1  Manufacture by the '2-Amino_naphthalene' Process
The process was as fa llo w s : -  
SGsH
SO3H
Amido J.A c id
SO3H
J .A c id
The f i l t r a t e s  from the Amido G.Acid process (Section 5.22) 
were d ilu te d  w ith  water such th a t the Sp.Gr. was 1.3 and heated to  
1G5°C fo r  3 hours. The re a c tio n  mass was then cooled to  2G°C, 
f i l t e r e d  and washed w ith  d ilu te  su lp h u ric  ac id . This was then 
converted to  the di-sodium  s a lt .  The ac id  paste was charged in to  
water a t 95°C, and lm o l/m o l*o f sodium carbonate added. A fte r  
n e u tra lis in g  w ith  lim e , the gypsum was f i l t e r e d  o f f .  The f i l t r a t e  
was then made a lk a lin e  w ith  sodium carbonate, the chalk f i l t e r e d  
o f f  and evaporated u n t i l  the Amido J .A c id  content was 6 G%. The 
Amido J .A c id  was then ready fo r  fu s io n .
*  Gne mol o f sodium carbonate fo r  each mol. o f Amido J .A c id
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Sodium hydroxide 75% (4.5m ol) was run in to  a fus ion  
vesse l; heated to  175°C and the Amido J .A c id  (Im o l) run in  during 
severa l hours a t 175°C. The water was allowed to  evaporate, 
and the mass then heated to  185°C u n t i l  the re a c tio n  was complete. 
The mass was d ilu te d  w ith  water and the product is o la te d  by 
a c id ify in g  w ith  su lp h u ric  a c id . The y ie ld  from 2-amino-naphthalene 
was about 40% and from Amido J .A c id  85%.
5 .5 .2  Replacement Process fo r  the Manufacture o f J .A c id
When the replacement process was being considered, i t  was 
found th a t a com plete ly new process was not re q u ire d .
Only the f i r s t  p a rt o f the process to  produce 2-amino- 
naph tha lene -1 ,5 ,7 - tr is u lp h o n ic  ac id  needed to  be developed and th is  
was achieved by changing the base m a te ria l from 2 -amino-naphthalene 
to  2 -am ino-naphtha lene-l-su lphon ic  ac id  (Tobias Acid) which when 
sulphonated gave the requ ired  2 -a m in o -n a p h th a le n e -l,5 ,7 -tr isu lp h o n ic  
ac id .
5O3H SO3H
NH2
SO3H
Tobias Acid
Tobias Acid was a manufactured product but not on the 
scale requ ired  fo r  making J .A c id  and th e re fo re  the  Tobias Acid 
process needed to  be re-developed. S im ila r ly  a new process was 
requ ired  fo r  the su lphonation stage.
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5*373 The Manufacturing Process fo r  Tobias Acid
The o ld  process consisted  o f adding 2-hydroxy-naphthalene 
to  n itrobenzene, coo ling  to  0 C and w h ils t  a t th is  temperature adding 
ch lo rosu lphon ic  ac id  over severa l hours. The product was then 
ex trac ted  w ith  w ater, converted to  the sodium or ammonium s a lt  
and aminated w ith  ammonia and SO2 to  g ive  the requ ired  Tobias Acid .
5 .3 .4  L ite ra tu re  In fo rm ation
American Cyanamid^^ described the above process a t a 
temperature o f 7°C e ith e r  batchwise or as a continuous process.
5 3
A ra i described the su lphonation in  su lfo la n e  using SO3 
as the su lphonating agent.
54Stasek found th a t n itrobenzene could be rep laced by 
2 -n it ro to lu e n e .
A recent patent described the use o f ' A water anhydrous 
s o lv e n t' such as 1,2 d ich lo ro  ethane a t a temperature o f 0-10°C 
and th is  was the on ly re fe rence to  a commercial process which d id  
not use n itrobenzene. This was most s u rp r is in g  since i t  was w e ll 
known in  in d u s try  th a t a very cheap n on -tox ic  so lven t was indeed 
being used instead  o f n itrobenzene. Soon a fte r  the process 
in v o lv in g  th is  la t t e r  so lven t was es ta b lished , there  was a major 
panic when the so lven t manufacturers announced th a t i t  was to  be 
removed from th e ir  manufacturing range. Major development
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programmes were in i t ia te d  to  f in d  yet another so lven t but a l l  
were unsuccessfu l. However, fo r  some unknown reason, the problem 
d id  not a rise  and the use o f the so lven t continued.
The Ciba-Geigy patent^^ a lso s ta ted  th a t the h yd roch lo ric  
ac id  produced in  the su lphonation was removed by vacuum, when norm ally 
i t  was removed by a ir  b low ing. This change in  procedure could be very 
im portan t since the aim o f a l l  process developers had been to  make the 
Oxy-Tobias Acid fre e  from hyd roch lo ric  ac id  so th a t i t  could be con­
verted  to  the ammonium s a lt  and used as such in  the am ination to  Tobias 
Acid.
I f  H ydroch lo ric  acid  was present, ammonium c h lo r id e  was formed 
and th is  sublimed, b lock ing  the sa fe ty  re lease  valves thus making the 
process unacceptable.
Solvent processes o f th is  k ind d i f f e r  from an o rd in a ry  
su lphonation in  th a t no excess o f su lphonating agent is  re q u ire d . An 
excess o f agent in  the above process would produce the unwanted 2 -  
hyd roxy-n aph th a le ne -l/6 -d isu lp h o n ic  ac id .
56A good manufacturing process fo r  the am ination stage has been 
described in  d e ta il  and used com m ercia lly. This process invo lved  the 
am ination o f Oxy-Tobias Acid w ith  ammonia and 502 a t 15G°C a t 8-10 a ts . 
The ammonia was recovered by d ischarg ing  the am ination mass in to  a 
s lu r ry  o f lim e . This a lso converted the SO2 in to  calcium  s u lp h ite  which 
was f i l t e r e d  o f f .  The liq u o rs  were a c id if ie d  to  g ive  Tobias Acid .
American Cyanamid^^ used a s im ila r  process but a t the lower
temperature o f 117-123°C and claimed a y ie ld  o f 87-95%. The ammonia
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was recovered by blowing in to  aqueous ca u s tic  soda and th is  s o lu t io n  
then a c id if ie d  to  recover the SO2 and to  p re c ip ita te  the Tobias Acid,
Stasek^^ described a s im ila r  process a t 150°C but claimed a
y ie ld  o f on ly 77%.
55 51P la ttn e r used only ammonia fo r  the am ination. Bayer
however described two processes one w ithou t SO2 a t 120°-125°C and one
w ith  SO2 a t 135-145°C both processes gave a y ie ld  o f 97%.
The replacement process, which used one o f the above systems 
d id  not however com plete ly solve the problem re la t in g  to  the presence 
o f 2-amino-naphthalene. For example, American Cyanamid^^” ^^ e x tra c te d  
th e ir  product w ith  to luene to  reduce i t s  con ten t from 443ppm to  13ppm. 
This was not the on ly problem associated w ith  th is  process, an 
explosion occurred in  a Tobias Acid Am inator^^, causing the death o f 
the opera to r.
5 .3 .5  Sulphonation o f Tobias Acid to  2 -A m ino-naph tha lene -lj5 /7 - 
t r is u lp h o n ic  ac id
No problem was experienced w ith  th is  stage, the same co n d itio n s  
being used as those fo r  the su lphonation o f 2 -am ino-naphthalene 
(Section 5 .2 .2 )although the f in a l  temperature was increased to  110°C.
A Russian patent^^ gave the fo llo w in g  p rocess;-
"Tobias Acid was sulphonated in  a two stage process 
w ith  20-24% Oleum a t 94-96°C and a t 113-118°C fo r
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second stage. The re a c tio n  mass was hydrolysed 
w ith  aqueous sodium sulphate a t 103-110°C."
The Author has no knowledge o f a h yd ro lys is  w ith  sodium 
sulphate s o lu t io n . As the la t t e r  would be d i f f i c u l t  to  remove from 
the p re c ip ita te d  Amido J .A c id  i t s  presence in  the subsequent 
fus ion  to  J .A c id  would cause g reat d i f f i c u l t ie s  w ith  the a g ita t io n  
o f the m ix tu re . The h yd ro lys is  would be c a rr ie d  out e xa c tly  as 
in  the o ld  process as given in  Section 5 . 3 . 1  i . e .  d i lu t in g  w ith  
water such th a t the Sp.Gr. was 1.3 and heated to  105°C fo r  3 hours.
5 .3 .6  L ite ra tu re  In fo rm a tion  on the Fusion o f Amido J .A c id  
to  J .A c id
2The fus ion  process described in  Donaldson was s t i l l  being 
used a t the end o f th is  review  pe rio d . I t  was known th a t when 
cau s tic  potash was s u b s titu te d  fo r  ca u s tic  soda the temperature could 
be reduced by some 20°C and the mass was more f lu id .  This however 
was not operated because o f the  high cost o f the ca u s tic  potash.
A Russian patent^^ described the fus ion  a t 175-185°C and
the is o la t io n  by a c id if ic a t io n  w ith  su lp h u ric  ac id . C iba-G eigy's 
52general pa tent fo r  J, y;, and S. Acids described a continuous 
process w ith  a y ie ld  o f 91%.
59American Cyanamid described a novel method fo r  the fus ion  
as fo llo w s :-
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"c a u s tic  soda (1 5 .2 g ,.0 5 m o l), water (1 .5g ,
.083mol), Amido J .A c id  (15 .2g,.05m ol) and : 
S u lfo lane (4 .4g) heated to  210°C then 
15 minutes a t 270°C gave J.A c id  9.6g = 80% 
y ie ld . "
A s im ila r  process^^ used phenol as the d ilu a n t as 
fo llo w s :-
" Amido J .A c id  70.2% (* lm o l)  con ta in ing  su lp h u ric  
ac id  (.042mol) was mixed w ith  phenol(.23m ol) and 
ca u s tic  soda (.96m ol) and heated under n itrogen  
to  270°C fo r  5 m inutes, cooled, d ilu te d  w ith  w ater, 
poured in to  excess su lp h u ric  a c id . The re s u lta n t 
product conta ined J .A c id  (1 6 .5g) Tobias Acid 
( .4 g ) , and the f i l t r a t e  contained J .A c id  (2 .9 g ),
Tobias Acid (.98g) and Amido J .A c id  (1 .44g ). The 
o v e ra ll y ie ld  was 81%."
The two processes above were obvious ly  developed to  
produce a continuous process and had achieved a f a i r  degree o f 
success. The use o f phenol is  no problem in  the la b o ra to ry  but 
on the manufacturing scale would be Hazardous.
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. 5.37 Comments and Conclusions
The J .A c id  process was a long and exacting  process which 
requ ired  a vast and expensive m anufacturing u n it .  In  keeping w ith  
the other isomers, the d ire c t io n  o f m odernisation o f th is  process 
was towards the in tro d u c tio n  o f continuous processes.
When working on the J .A c id  process the Author o fte n  looked 
fo r  a new rou te  to  J .A c id  which would be simple and e lim in a te  the 
form ation o f 2—amino—naphthalene. Two poss ib le  methods were from 
tim e to  tim e considered but were never a c t iv e ly  fo llow ed up. They 
are as fo llo w s :-
(1) The so lven t su lphonation o f a m odified  form o f
2 -hydroxy-naphthalene to  g ive  the re qu ired  2 -Hyrdoxy- 
n a ph tha le ne -l,5 -d isu lp h o n ic  ac id  or even th e - 1 , 5 , 7- 
tr is u lp h o n ic  ac id .
(2) Fusion o f n a p h th a le n e -1 ,3 ,6 -tr isu lp h o n ic  acid  to  .
4^7 -d ih yd roxy -naphthalene-2 -su lpho n ic  acid  which
could then be aminated to  J .A c id  by the Bucherer 
re a c tio n .
The second method o ffe re d  the best prospect fo r  success 
because n a p h th a le n e - lj3 ,6 - tr is u lp h o n ic  ac id  was a manufactured product 
and a process fo r  i t s  fus ion  to  4-hydroxy—naphthalene-2 , 7 -d isu lp h o n ic  
acid  (V io le t  Acid) was w e ll e s tab lished . The fu r th e r  fus ion  o f 
V io le t Acid had been attempted^ but was reported  to  cleave the
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d is u b s titu te d  r in g  a t the temperature requ ired  fo r  the re a c tio n .
I f  the 4^7-d ihydroxy-naphtha lene-2-su lphon ic ac id  could be formed 
the subsequent am ination to  J .A c id  would not have produced
2-am ino.naphthalene. With th is  in  mind the l i t e r a tu r e  was examined 
to  see i f  th is  la t t e r  rou te  had been evaluated during the review 
pe riod . I t  was discovered th a t a Japanese patent^^ describ ing  
the manufacture o f 1 -hydroxy-naphthalene a lso s ta ted  th a t the 
rou te  was used fo r  the p repara tion  o f 4 ,7 -d ihydroxy-naph tha lene-2- 
sulphonic ac id . This was achieved by fus ing  V io le t Acid w ith  a 
m ixtu re  o f potassium hydroxide and calcium  oxide a t 290°C fo r  
5 m inutes. This again was an obvious candidate fo r  a continuous 
process.
SO3H
KOH
CaO
SO3H
I f  th is  re a c tio n  worked in  the la b o ra to ry  and gave a good 
y ie ld ;  then a t f i r s t  s ig h t,  i t  could be the breakthrough which had 
been sought fo r  so many years. However, w h ils t  th is  rou te  m ight be 
s a t is fa c to ry  in  the la b o ra to ry , on the manufacturing scale the re  
would be a very serious problem. Throughout a l l  the work on the 
fus ions o f naphthalene su lphonic ac ids, care must be taken to  remove 
any traces o f calcium  ions from the fu s io n s . I f  th is  is  not done 
laye rs  o f ca lcium  s u lp h ite  would b u ild  up on the sides o f the '' 
autoclaves reducing the ra te  o f heat tra n s fe r  and so preventing the 
re a c tio n  from reaching the c o rre c t tem perature.
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5.4 Manufacture of. S.Acid Reg.No. 85-64-7
The manufacture o f S.Acid d if fe re d  from the manufacture 
o f the other 4 members o f the 'B ig  F ive ' in  th a t i t  was the only 
one stage process, namely the a lk a l i  fus ion  o f 8 -am ino- 
naph tha lene-1 ,5 -d isu lphon ic  acid  (1 .4 .8  A c id ). The la t t e r  was 
com m ercially a v a ila b le  as i t  was a lso used in  the manufacture o f 
Azo D yestu ffs .
NH2- SO3H SO3H
KOH
S.Acid1 .4 .8  Acid
S.Acid was requ ired  fo r  the manufacture o f Azo D yestu ffs
and th e re fo re  had to  be o f a co n s is te n t q u a li ty .  This q u a lity
was o ften  very d i f f i c u l t  to  achieve because towards the end o f the
fus ion  process the Amino group began to  re a c t to  g ive
4 ,5 -d ihyd roxy  naph tha lene -l-su lphon ic  a c id . This im p u rity  was very
very d i f f i c u l t  to  remove by the usual methods o f p u r if ic a t io n .
62Zaviyalon described a method o f p u r if ic a t io n  using wood cha rcoa l, 
bu t, from the A u tho r's  experience th is  trea tm ent was on ly o f super­
f i c i a l  va lue.
5.411 M anufacturing Process
The f i r s t  process th a t was recorded s ta ted  th a t the 1 .4 .8  
Acid was fused w ith  c a u s tic  potash a t 210°C w h ils t  o ther sources^ 
reported  th a t the 1 .4 .8 . Acid was fused w ith  ca u s tic  soda 73% a t 
175°C u n t i l  the re a c tio n  was complete.
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Both these processes appeared to  be a l i t t l e  u n re a l is t ic .
The former is  too d ra s tic  and the la t t e r  too low in  tem perature.
The fus ion  o f an a su lphonic ac id  group (Section 1 . 1 ) norm ally 
requ ired  a temperature o f 185—190 C so a temperature o f 
190-195°C would be thought to  be more r e a l is t ic .
5 .4 .2  L ite ra tu re  In fo rm a tion
No method o f p repara tion  or manufacture was recorded in  
the l i t e r a tu r e  u n t i l  1978 when a general patent by Ciba-Geigy^^ 
described a batch or a continuous process. This was s u ita b le  fo r  
the fus ion  o f  haphthylam ine-sulphonic acids con ta in ing  2 or more 
su lphonic ac id  groups. In  th is  process the water content was 
maintained between 0 .5—20% and the re a c tio n  tim e was not less  
than h a lf  the m ixing tim e. The example was as fa llo w s : -
"C austic soda 75% (213g, 4mol), 1 .4 .8 . Acid 
disodium s a lt  (347g,lm ol) in  water (127g) 
were sim ultaneously metered during 3 % -4  hours 
in to  ca u s tic  soda 75% (106g,2mol) a t 185-190°C 
w ith  continuous d is t i l l a t io n  o f w ater, then 
heated a t 190°C fo r  3%-4 hours, d ilu te d  w ith  
water, n e u tra lis e d  w ith  su lp h u ric  ac id  to  g ive  
8 8 % y ie ld . "
This process f i t t e d  the expected procedure, but from the A u th o r's  
experience i t  was never poss ib le  to  quote an exact leng th  o f tim e 
fo r  the re a c tio n . The com pletion o f the re a c tio n  had to  be
-  1 0 1  -
approached w ith  g rea t care , being sampled and tes ted  a f te r  
3 hours and from the re s u lts  obtained the e x tra  heating time 
estim ated based on previous experience.
-  1 0 2  -
5.5 Manufacture o f M.Acid Reg. No. 489-78-1
M.Acid was manufactured on ly in  Germany using the 
28fo llo w in g  process. 
SO3H SO3H
Oleum
HO3S
NH2
Laurents Acid 
NH2
SO3H
M.Acid
"S u lphuric  acid  100% (603g, 6 .15m ol), Oleum 24% 
(737g, 2.2mol) were mixed and cooled to  20°C. 
Laurents Acid 93.7% (105g, .65mol) added below 
30°C, Oleum 65% (420g, 3.4mol) added below 40°C 
cooled to  20°C. Laurents Acid 93.7% (105g, i.65mol) 
added below 30°C. Oleum 65% (420g, 3.4mol) added 
below 40°C and s t i r r e d  4 hours a t 40°C; poured in to  
water (3500ml) and evaporated to  g ive  a B.P 130°C 
and re flu xe d  fo r  1 0  hours, cooled, f i l t e r e d ,  
washed, recharged in to  Water (500ml) n e u tra lis e d  
w ith  ca u s tic  soda, made ju s t  ac id  to  Congo Red 
Test Paper and f i l t e r e d .  Y ie ld  o f 1-naphylamine- 
5 ,7 -d isu lp h o n ic  acid  72.3%
Caustic soda fla k e  (lOOg, 2 .5m ol), water (39ml) 
mixed and heated to  170°C, l-haph thy lam ine -5 ,7 - 
d isu lphon ic  acid  (196g, .4mol) added over h a lf  an
-  103 -
hour held 2 hours a t 175-180°C, d ilu te d  w ith  water 
(300ml) and poured in to  water (600ml), a c id if ie d  
a t 80°C SO2 b o ile d  o f f  and the M.Acid f i l t e r e d  hot 
and washed w ith  hot w ater. Y ie ld  78%."
5 .5 .1  Comments
M.Acid was probably considered to  have g rea te r commercial 
p o te n t ia l than other isomers because i t s  c o n s t itu t io n  was s im ila r  
to  J. and Y Acids (Section  1 .6) a lthough there  was perhaps another 
reason. Laurents acid  was obtained as a 20-23% by-product in  the 
manufacture o f 8 -am ino-naph tha lene-l-su lphon ic  ac id  (P e ri Acid) 
and was o ften  never is o la te d  but run to  waste. By converting  i t  
to  M.Acid i t  was hoped to  avoid th is  waste. There was however 
always the problem th a t i f  i t  became a b ig  s e l le r ,  the only way 
to  meet the demand would be by making Laurents Acid from napthalene
1 ,5 -d isu lph o n ic  ac id  by fus io n  and Bucherer re a c tio n . This however 
would have been uneconomic.
5 .5 .2  L ite ra tu re  In fo rm a tion
A l i t e r a tu r e  search has produced no fu r th e r  in fo rm a tio n  on
the manufacture o f M.Acid. However the fo llo w in g  in fo rm a tio n  was
10found in  'AKO' re p o rts  and may have been an attem pt to  avoid the 
shortage o f Laurents Acid . No a c tua l d e ta ils  were given but the 
re s u lt  was considered very in te re s t in g  but o f do ub tfu l economic 
va lue .
— 104 —
AcHNSO3H
OH
J.A c id HNG:
AcHN SO3H
ÜSÜ2 C6H;
Hydrolyse 
&
>|X>eaminate
6O3H
Fe
OH
M.Acid
M. Acid was s t i l l  tes ted  as a d ye s tu ffs  component from 
time to  tim e^^ but w ith  no apparent commercial success.
-  105
6.0  Suggested Methods of P reparation fo r  the Unknown Isomers
25 isomers have not been named or methods of p repara tion  
reported  in  the l i t e r a tu r e  as shown in  Section 2. Five of these 
isomers have been prepared in  the la b o ra to ry , and f u l l  e xp e ri­
mental d e ta ils  are given in  Section 7.
The remaining 20 isomers are l is te d  below and methods of 
p repa ra tion  are suggested fo r  each one.
Isomers 231 571 132
241 621 312
261 671 352
281 681 382
321 761 532
361 821 732
861 762
— 106 —
6.1 Isomer 231
SO3H
1 9The method described by Jarkovsky (Section 4 .1 ) fo r  
Isomer 271 had to  be considered but as w ith  Isomer 271 i t  was 
re je c te d  because i t  d id  not agree w ith  the A u tho r's  experience.
The suggested method is  as fo l lo w s :-
2,3-Am ino-naphthol ( 1  mol) was charged in to  1 ,2 -d ic h lo ro -  
benzene (750ml) and form ic acid  (3ml) was added as a c a ta ly s t ,  
ch lo rosu lphon ic  acid  (Im o l) was then run in  s low ly  a llow ing  the  HCl 
to  escape. When the a d d itio n  was complete the temperature was ra ise d  
to  g ive  a steady re f lu x  and th is  was maintained u n t i l  no more HCl was 
l i b e r a t e d . T h e  product was extrac ted  w ith  an aqueous s o lu t io n  of 
ca u s tic  soda and the product iso la te d  by the a d d itio n  o f h yd roch lo ric  
a c id .
H.COOH
CISO3H
SO3H
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6.2 Isomer 241
SO3 H
There are three methods o f p repara tion  which can be suggested 
fo r  th is  isomer, these a re :-
19(a) Jarkovsky's method which again would be re je c te d .
16(b) The same method as given in  Section 6.1 but using 2 ,4 -
amino-naphthol as the base m a te r ia l.
(c) This method is  considered a good p o s s ib i l i t y .
I t  is  based on the work o f Roe and T h iro t^^  and is  as
fo llo w s
2,4-Am ino-naphthol is  added to  a m ixture  o f e thano l,
Caustic soda, and sodium b is u lp h ite  and to  th is  m ixture  is  added 
a t pH 7 .0 -7 .5  manganese d iox ide  and reacted fo r  20 hours.
Method (b)
SO3 H
H.COOH
CISO3H
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6.3 Isomer 261
SO3H
Methods (b) and (c) in  Section 6.2 are suggested fo r  th is  
isomer a lso . The base m a te ria l would be 2,6-àmino naphthol.
A fu r th e r  suggestion would probably be made a t a 'Th ink 
Tank' session on the fo llo w in g  lin e s
Sulphonate 6-am ino-naphthalene-2-sulphonic acid  to  g ive 
2 -am ino -naph tha lene -l,6 -d isu lp h o n ic  acid  and fuse th is  w ith  ca u s tic  
soda to  g ive Isomer 261. I t  is  poss ib le  th a t th is  method m ight 
g ive a very sm all amount o f the product and worth a t r y  i f  none 
o f the o ther suggested methods had worked.
Method (b)
SO3H
NH2 H.COOH
CISO3H HO
Method 2
H,N
SOgH Oleum
HO3S
SO3H
NaGH
HO
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6.4 Isomer 281
This isomer would be very d i f f i c u l t  to  make. I t  is  again 
suggested th a t methods (b) and (c) in  Section 6.2 be again t r ie d  
using 2 , 8 -àm ino-naphthol as the base m a te r ia l.
H.COOH
CISO3H
- 1 1 0  -
6.5 Isomer 321
SO3H
This is  considered the eas ies t o f the unknown isomers 
to  prepare. The fo llo w in g  method o f p repara tion  should give 
the co rre c t product.
2,3 Amino naphthol (16g, .Im o l) was added to  su lphu ric  acid 
90% (160g), and s t ir r e d  fo r  5 hours a t 1G-20°C. The m ixture
was then poured very s low ly  in to  a m ixture  o f ice  and water (5GGg) 
keeping the temperature below 5°C by the fu r th e r  a d d itio n  o f ice  
as was necessary. The product was f i l t e r e d  o f f  and washed acid 
free  w ith  co ld  water. This product could be id e n t i f ie d  by e lim in a tin g  
the amino group and te s tin g  the remaining s o lu t io n  fo r  2 -hydroxy- 
naph tha lene -l-su lphon ic  acid  (Gxy-Tobias Acid) by the Adams Test 
(Section 4 .1 ) .
SG3H
*
-  I l l
6 . 6 Isomer 361
SO3H
This is  considered the most u se fu l of the unknown isomers.
I t  is  however, very d i f f i c u l t  to  prepare and th e re fo re  not 
s u rp ris in g  th a t no one has attempted i t s  p re pa ra tio n . The fo llo w in g  
syn thesis is  suggested.
27Todres prepared and id e n t i f ie d  isomer 631. By ta k in g  th is  
isomer as base m a te ria l and subm itting  i t  to  the fo llo w in g  se rie s  of 
re a c tio n s , the requ ired  isomer would be made.
SO3H
NH4OH
HO
The am ination stage could not be by the Bucherer re a c tio n
because the hydroxy group is  in  meta p o s it io n  to  the su lphonic acid
6 3group. A method developed by the Author fo r  d i f f i c u l t  am ination 
would probably be re q u ire d . The f i n a l  Bucherer re a c tio n  would be 
an example o f th is  c la s s ic a l method.
-  1 1 2  -
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6 .7 Isomer 571
SO3H
HO'
In  Naphthalene Chem istry, one very u se fu l re a c tio n  is  the 
'M ig ra tio n  or Iso m é risa tio n ' o f a Sulphonic Acid group,^^ This has 
a lready been re fe rre d  to  in  Section 3.11. I t  is  used com m ercially 
in  the  manufacture of 1^ 3 ,6 -n a p h th a len e -tr isu lp h o n ic  acid  when the 
unwanted 1^3,5-n a p h th a le n e -tr isu lp h o n ic  acid im p u r ity  is  isomerised 
to  the re q u ire d -1^3,6 -compound.
The method proposed fo r  Isomer 571 u t i l is e s  th is  isom é risa tion  
procedure, and is  as fo l lo w s :-
l-A m ino -3 -hyd roxy-naphthalene was added to  su lphu ric  ac id
Q  i
90/°o a t 10 C, and s t ir r e d  u n t i l  t . I . e .  te s ts  ind ica te d  th a t no base 
m a te ria l remained. The temperature was then ra ised  over 4-5 hours to  
1GG°C, and.held u n t i l  t . l . c .  te s ts  ind ica te d  th a t the compound formed 
at 1G°C had been isomerised in to  a d if fe re n t  compound, which should 
be the requ ired  Isomer 571.
SG3H
HzSG
HG
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A second method is  the fu s io n  o f 5-amino naphthalene-1^7- 
d isu lphon ic  acid (1 .3 .5  Acid) w ith  75% caustic  soda a t 195-200°C, 
The main product w i l l  be Isomer 482 but the re  would probably be 
a sm a ll amount o f the  Isomer 571.
SO3H
NaOH
NH2
*
SO3H
Isomer 482 Isomer 571
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6.8 Isomer 621
SO3H
H2N
The suggested method o f p repara tion  of th is  isomer is  the 
co ld  su lphonation of 2 -am ino-6 -hydroxy-naphthalene w ith  su lp h u ric  
acid 90% a t 10°C. The product would be is o la te d  by pouring the 
su lphonation mass in to  a m ixture o f ice  and water w ith  good 
a g ita t io n  to  ensure th a t the  temperature never exceeded 5°C.
H2N
OH H2SO4
i f
H2N
SO3H
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6.9 Isomer 671
SO3H
Three methods of p repara tion  are suggested fo r  t h is  isomer, 
but the f i r s t  two w i l l  only g ive  the isomer in  very sm a ll q u a n tit ie s ,
The f i r s t  method is  to  fuse 6 -àmino naphtha lene-1 ,7- 
disuIphonicr.aciq:.which had'been iso la te d , by P e titg o le s :... w ith  
caus tic  soda 75% a t 190-200°C when a m ixture  of Isomers 671 and 382 
(Section 6.17) would be expected to  be formed. Isomer 382 would be 
the  main component
SO3H
HO3S
+
671 382
The second method is  the su lphonation of 2-am ino-3-hydroxy- 
naphthalene w ith  su lp h u ric  acid 90% at 10°C, and then heat to  100°C 
over 5 hours to  isom erise the sulphonic acid  group in to  the  re q u ire d  
p o s it io n .
SO,H
NH2 H2 SO4
-  116 -
The th i r d  method and probably the bes t, is  to  c a rry  out 
a Hofmann Reaction on 7 -hydroxy-6 -ca rboxy-nap h tha len e -l-su lp hu ric  
a c id , which would g ive the requ ired  product.
SO3H
Hofmann
H,N
SO3H
-  117 -
6.10 Isomer 681
SÜ 3H
HpN
The only method which can be suggested fo r  th is  isomer is
one using Isomer 861 as the base m a te r ia l (Section 6 .1 3 ). Isomer
861 w i l l  be very d i f f i c u l t  to  make and th e re fo re  th is  method is  r e a l ly
only of academic va lue .
Isomer 861 is  charged in to  d ilu te  su lp h u ric  acid  and 
d ia zo tise d  by the a d d itio n  of sddium n i t r i t e .  When the d ia z o t is a t io n  
is  complete, the temperature is  ra ised  to  1GG°C when n itro ge n  w i l l  be 
lib e ra te d  and the  ' SuIto n e 'fo rm e d , which is  f i l t e r e d  o f f  and washed 
acid fre e . The 'S u lto n e ' is  then aminated by heating w ith  ammonia 
and ammonium b is u lp h ite  and then hydrolysed by heating w ith  d i lu te  
ca u s tic  soda.
NK SG3 H
(Ü1Ü]
H,N
GH
NH4 GH
(NH%)HSG3
SGaH
f NaGH HoN
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6.11 Isomer 761
SO3H
The fo llo w in g  method is  suggested as a poss ib le  rou te  fo r  
the p repara tion  of th is  isomer.
2-Amino-3-hydroxy-naphthalene (16g, O .lm ol) is  added s low ly  
to  su lphu ric  acid 96?o (200g) a t 0-5°C and the  m ixture s t i r r e d  fo r  
5 hours. Oleum 25% (22Gg, . 6 8  mol) is  then added over 3 hours a t f : \  
0-5°C. The m ixture  is  s t ir r e d  fo r  a fu r th e r  10 hours a t t h is  
tem perature. The su lphonation mass is  then poured in to  a m ixtu re  
o f ice  and water such th a t the temperature does not exceed 10°C 
and the  acid s tren g th  50%. The temperature is  ra ised  to  40°C 
and s t ir r e d  u n t i l  the - 1 -su lphon ic  acid group has been e lim in a te d .
The mass is  then cooled and the  isomer f i l t e r e d  o f f  and washed 
acid  fre e ,
SO3H
NH2 H2 SO11
Oleum
SO3H
*
50% H2 SO4
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6 . 1 2  Isomer 821
NH2 SO3H
The only method o f p repara tion  which can be suggested fo r  
th is  isomer is  the su lphonation o f l-am in o -7 -h yd roxy-naphthalene 
w ith  90% su lp h u ric  acid 90% a t 0-5°C.
This suggestion is  made against l i te r a tu r e  in fo rm a tio n  th a t 
t h is  re a c tio n  w i l l  g ive  isomer 461^^ or isomer 462^^.
NH2 SO3H
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6.13 Isomer 861
SO3H
This isomer would be very d i f f i c u l t  to  prepare. I t  is  
thought th a t i f  8 -am ino -naph tha lene-l/6 -d isu lphon ic  acid 
(1 .^ .8 .  Acid) was fused w ith  a m ixture  of ca u s tic  soda and 
ca u s tic  potash (50 : 50) at 190°-200°C, some o f the isomer 
would be formed asjan im p u rity  in  the  main product which would be 
isomer 452.
SO3H
HO3S
sk
KOH
NaOH
OH
NH2 SO3H
Isomer 452 Isomer 861
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6.14 Isomer 132
The only mthod which can be suggested fo r  th is  isomer 
is  the same as was used fo r  Isomer 231 (Section 6 .1 ) .  The base 
m a te r ia l would be l-am ino-3-hydroxy-naphtha lene, which would be 
charged in to  1,2-d ichlorobenzene and sulphonat^d w ith
ch lo rosu lphon ic  a c id , adding fo rm ic  acid  as a c a ta ly s t. 16
Cl SO3H 
OH H.CGGH
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6.15 Isomer 312
The fo llo w in g  method is  suggested fo r  the  p repara tion  
o f th is  isomer
4-Hydroxy-2-naphthoic acid is  d isso lved in  water by the 
a d d itio n  of sodium carbonate and then coupled w ith  d ia zo tize d  
s u lp h a n ilic  a c id . The re s u lta n t d y e s tu ff is  f i l t e r e d  o f f ,  
charged in to  w ater, made s tro n g ly  a lk a lin e  w ith  caus tic  soda, and 
the d iazo l in k  s p l i t  by the a d d itio n  of sodium d ith io n a te . The 
is o la te d  product would be 3-am ino-4-hydroxy-2-naphthoic Acid.
The amino group is  now d ia zo tise d  by the a d d itio n  of sodium n i t r i t e  
in  acid s o lu t io n  and th is  s o lu t io n  run s low ly  in to  excess sodium 
b is u lp h ite  liq u o r 40% when the d iazo group w i l l  be rep laced by a 
sulphonic acid  g r o u p . T h e  f i n a l  re a c tio n  is  to  convert the  
carboxy group to  an amine group by the  Hofmann re a c tio n .
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HCkS
NaN0 2
WH;------------------- ^  HO5 S
 ^ HCl
N 5 N Cl
.ŒOCOOH
OH
COOH^ NazSzOit
-N = N
SO3H
si/
NaNO;
COOH NaHSOg 
+
N E N Cl
■>
Hofmann
OH
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6.16 Isomer 352
SO3H
The fo llo w in g  method o f p repara tion  fo r  th is  isomer is  
considered p o ss ib le . 7-hydroxy-6-carbo%y naph tha lene-l-su lphon ic  
acid is  converted to  6-am ino-7-hydroxy naph tha lene-l-su lphon ic  acid 
by the Hofmann Reaction. This compound in  tu rn  is  d ia zo tise d  w ith  
sodium n i t r i t e  and run in to  sodium b is u lp h ite  s o lu tio n ^^  40% to  g ive  
the  7 -hyd roxy-naph tha lene -l,6 -d isu lphon ic  a c id . This could be 
aminated by the sp e c ia l method to  g ive  7-amino-naphthalene-1^6- 
d isu lphon ic  a c id . Fusion w ith  ca u s tic  soda 75% at 180-185°C should 
g ive  the requ ired  isomer.
SO,H
Hofmann
HOOC
NaHSO
CIN
NaOH SO H
OH *
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6.17 Isomer 382
The method o f p repara tion  o f th is  compound has a lready 
been used in  Section 6.9 v iz .  by the ca u s tic  fu s io n  of
6 -amino naphthalene-1 ,7 -d isu lp h on ic  a c id .^^
HOaS
NaOH
HO
671
SOaH
382
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6.18 Isomer 532
This compound along w ith  Isomer 821 (Section 6.12) are 
the two unknown sulphonic acids of l-am ino -7 -h yd roxy-naphthalene. 
The Author some 35 years ago had a commitment to  prepare a l l  the  
s ix  sulphonic acids o f l-am in o -7 -h yd roxy-naphthalene fo r  research 
proposes but fa i le d  to  make these tw o.^^
D iscussions^^ on the  whole to p ic  and in  p a r t ic u la r  on 
Isomer 532 were held w ith  S ir  Robert Robinson, who advised the  
Author to  t r y  the two fo llo w in g  ro u te s .
Route 1
Oleum
OH Compound 'A '
NaHSO
NH2
D ilu te  acid
vj/
S0 3 H
OH
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Route 2
SOsHHOOCHOOC
\  d i lu te  acid
SO H
SO3H
FeSO
NH2
These suggestions were never attempted in  the  la b o ra to ry , 
because a fu r th e r  l i t e r a tu r e  search/^^^^ revealed th a t COMPOUND 'A ' 
on heating w ith  su lp h u ric  ac id  even under the  m ildes t of co n d itio n s  
desulphonated to  g ive l_,7-dihydroxy-naphthalene, and 3-am ino-5- 
hydroxy-naphthalene-2^7-d isu lphonic acid  (2R Acid) behaved 
s im ila r ly .  Further the  base m a te r ia l fo r  Route 2, 6 -hydroxy-2 - 
naphthoic acid  was not a v a ila b le .
In  considering  other methods, Ako Reports^^ s ta ted  th a t 
the fu r th e r  su lphonation of Isomer 461 was e xce p tio n a lly  d i f f i c u l t  
but i t  was thought th a t th is  method o f ob ta in ing  Isomer 532 was 
worth t r y in g .  The method o f p repara tion  would then be as fo l lo w s :-
SO,H
HO
NH2
HO
»
Oleum
d ilu te  acid
SO3H
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6.19 Isomer 732
SO3 H
OH
The fo llo w in g  method is  thought to  be p ra c t ic a l based on
the A u thor's  experience in  n it r a t in g  d iazo compounds and the
23reported  work o f Blagney.
The d e ta ils  are as fa llo w s
Isomer 432 is  d iazo tised  by charging i t  in to  d i lu te  
hyd roch lo ric  ac id  and adding sodium n i t r i t e .  The d iazo compound 
is  is o la te d  and d rie d  very c a re fu lly .  The d rie d  product is  then 
charged in to  su lphu ric  acid 100% and s t ir r e d  fo r  10 hours. Mixed 
n it r ic /s u lp h u r ic  acid  is  then added to  n it r a te  the m ix tu re . The 
re s u lta n t compound is  th e n -tre a te d  w ith  aluminium in  a lcoh o l to  
remove the d iazo group form ing 7 - n i t r o -3 -hyd roxy-naphthalene-2 -  
su lphonic acid which is  reduced to  the requ ired  7 -am ino-3 -hyd roxy- 
naphthalene-2 -su lphon ic  acid  by the standard iro n - iro n  s a lt  aqueous 
procedure.
-  129 -
SQsH NaN02
HCl
NHz
SO3H
Mixed
Acid
0,N
FeSOn
SO3H , Aluminium
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130 -
6.20 Isomer 762
SO3H
This.isom er can be prepared from 6-hydroxy-7-carboxy.
72naphthalene-2-sulphonic a c id , by su b je c tin g  i t  to  a Hofman 
Reaction,
SO3H H2N
Hofmannv
SO3H
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7.0 Experim ental D e ta ils  of Five Unrecorded Isomers
Some 30 years ago the Author prepared in  the  la b o ra to ry  some
170 Naphthalene sulphonic acid compounds and th e ir  d e r iv a tiv e s ,
21and se t up a scheme o f id e n t i f ic a t io n  from which i t  was poss ib le  
to  deduce a re la t io n s h ip  between s tru c tu re  and U.V, fluo rescence . Up 
and u n t i l  the  end o f March 1980 when the A u thor's  involvement ceased, 
every new compound te s te d  f i t t e d  in to  the derived ta b le s .
The fo llo w in g  isomers have been prepared in  th e  la b o ra to ry  
and th e ir  c o n s t itu t io n  e s ta b lish e d . None o f the  isomers have 
p re v io u s ly  been recorded.
NHz
OH
Isomer 521
SO3H
Isomer 172
Isomer 832 Isomer 721
OH
HO
Isomer 162
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7.1 P reparation of 5-Amino-2-Hydroxy~naphthalene~l-Sulphonic Acid
( Isomer 521)
Stage 1 P reparation o f l-A m ino-6 -h y d roxy-naphthalene
Caustic potash 92% (1696g, 28mol) was charged in to  an 
a g ita te d  fu s io n  pot toge the r w ith  ca u s tic  soda 98% (163g, 4mol) and 
water (328g) and heated to  200°C, the  a g ita to r  being s ta rte d  when 
the mass became f lu id .  5-Am ino.naphthalene-sulphonic acid 
(1 ,6  Cleve Acid) 89.2% (lOOOg, 4mol) was charged s low ly  during 
2 hours, the  temperature r is in g  to  245°C to  m aintain f l u i d i t y .
I t  was held at 245°C fo r  h a lf  an-hour, cooled to  200°C and water 
(lOOOg) added as q u ic k ly  as p o ss ib le . The mass was poured in to  
water (30OOg) and the tem perature adjusted to  95°C. H ydroch loric  
acid  36% (3345g, 33mol) was then run in  to  g ive  a strong permanent 
blue co lou r to  Congo Red Test Paper when fre e  from sulphur d io x id e .
The hot s o lu tio n  was f i l t e r e d  to  remove im p u r it ie s , s a lt  added to
O10%, cooled to  20 C and the  p re c ip ita te d  l-am in o -6 -h y d roxy- 
naphthalene hydroch lo ride  f i l t e r e d  and washed w ith  b rin e  1 0 % ( 2 0 0 m l).
The hydroch lo ride  was charged in to  water (2000ml), n e u tra lis e d  w ith  
sodium acetate to  p re c ip ita te  the fre e  base, f i l t e r e d  washed w ith  
co ld  water and d rie d  under vacuum at 80-85°C. Y ie ld  311g (49% Theory).
Stage 2 P reparation of Isomer 521
l-A m ino-6 -h y d roxy-naphthalene (9 5 .4g, 0.6mol) was added to  
su lp h u ric  acid 100% (lOOOg) at 10-15°C the tem perature ra ise d
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s low ly  to  30°C, held at 30°C fo r  two hours, end poured s low ly
onto ice  (2000g), The product was f i l t e r e d ,  washed acid fre e
w ith  w a te r, recharged in to  water (800g) §odium acetate added
u n t i l  the  product had d isso lve d , screened to  remove im p u r it ie s ,
re p re c ip ita te d  a t 90°C by the a d d itio n  of hyd roch lo ric  acid
coo led , f i l t e r e d ,  washed w ith  water and d r ie d . Y ie ld  93 .4g (65% Theory).
Id e n t i f ic a t io n
The product had a b r ig h t l ig h t  green fluorescence under
U.V, l ig h t  which ind ica te d  th a t the  sulphonic acid group was in
21the same r in g  as the hydroxy group . B o ilin g  w ith  50% su lp hu ric  
acid gave a new product id e n t i f ie d  as l-am in o -6 -h y d roxy-naphthalene.
The isomer coupled w ith  d iazo compounds but d id  not a fte r  
a c e ty la t in g  the  amino group,which ind ica te d  th a t the coup ling  
was to  the  amino group and not to  the  hydroxy group.
The amino group was e lim ina ted  by d ia z o tis in g  and 
b o il in g  w ith  hypophosphorous acid  in  a lcoho l and the  re s u lta n t 
s o lu tio n  subjected to  the Adams Test (Section 4 .1 .1 )w h ich  
confirmed the 2-hydroxy-naph tha lene-l-su lphon ic  acid (Oxy-Tobias) 
s tru c tu re . The compound was th e re fo re  the requ ired  Isomer 521.
NH2
0,H KOH
NaGH
NH2
SO,
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7.2 P reparation of l-Am ino-7-Hydroxy naphthalene-2-Sulphonic Acid
( Isomer 172)
Stage 1  P reparation of 4 -A m in o -n ap h th a len e -l,3 ,6 -tr isu lp h o n ic  a c id .
Oleum 25% (1560g, 4.88mol) was run in to  a g lass lin e d  
sulphonator and cooled to  15°C. 8-am ino-naphthalene-2-sulphonic 
acid (1 ,7  Cleve Acid) 100% 446g, 2mol) was added during 2 hours 
a t 15-20°C and heated to  60°C fo r  4 hours then cooled to  20°C.
Oleum 65% (446, 3.62mol) was added during 1 hour a t 15-20°C and 
the  mass heated to  85-90°C fo r  16 hours. I t  was then poured in to  
9000g ice  and w ater, sa lte d  w ith  s a lt  (800g), cooled to  20°C, 
f i l t e r e d  and washed w ith  sa tura ted  b r in e . Y ie ld  75%.
When as in  th is  case the  is o la te d  product was not re qu ired  
the  su lphonation mass was used fo r  the  subsequent stage.
Stage 2  Desulphonation to  l-A m ino -naph tha lene -2 ,7 -d isu lphon ic  a c id .
The su lphonation mass was poured onto ic e  and water (2000g) 
to  g ive  a su lphu ric  acid  s treng th  of 45% at 115°C, A fte r ho ld ing  
at 115°C fo r  4 hours i t  was d ilu te d  w ith  water to  4000ml, cooled to  
20°C, f i l t e r e d ,  then s lu r ry  washed in  co ld  w ater, f i l t e r e d  and d r ie d . 
Y ie ld  412g, s tre ng th  by d ia z o tis a tio n  75.5% (51,5% Theory).
Stage 3 Preparation of Isomer 172
Caustic soda 98% (102g, 2 .5m o l), a te r (204g) and. 
l-am ino -naph tha lene-2 ,7 -d isu lphon ic  acid  75.7% (148g ,33mol) were
_ 1 IR _
charged in to  an autoclave and heated to  2 0 0  C in  4 hours. A fte r  
ho ld ing  a t 200°C fo r  12 hours i t  was cooled, d il te d  w ith  Water 
(600ml) and a c id if ie d  w ith  h yd roch lo ric  a c id . The su lphur d iox ide  
was b o ile d  o f f  the mass cooled, f i l t e r e d ,  red isso lved  in  sodium 
acetate s o lu t io n , and screened to  remove im p u r it ie s . The product 
was re p re c ip ita te d  w ith  hyd roch lo ric  acid  and f i l t e r e d  and washed 
w ith  co ld  water. Y ie ld  2.0g.
The main loss  was due to  deamination w ith  the form ation o f
7-hydroxy-naphtha lene-2-su lphonic acid  (F .A c id ) which was lo s t  in  
the liq u o rs .
The isomer was id e n t i f ie d  by e lim in a tin g  the amino group 
and con firm ing  the re s u lta n t product to  be F .A cid .
The U.V. flourescence was blue in d ic a tin g  the su lphonic acid  
group to  be in  the same r in g  as the amino group.
iOsHNH2
@ 0“-" Oleum
caustic  
soda
HO3S
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Isomer 172
7.3 P reparation o f l-Am ino-6-Hydroxy-naphthalene-2-Sulphonic Acid
'' ' ( Isomer 162)
Stage 1  P reparation o f 1-Am ino-naphthalene-2,4 ,6 - tr is u lp h o n ic  acid
Oleum 25% (1560g, 4.88mol) was charged in to  a cast iro n  
su lphonating pot and cooled to  15°C. 5-Amino-naphthalene-2- 
su lphonic acid  (1 ,6  Cleve Acid) 100% (446g, 2mol) was added during 
2 hours a t 15-20°C and then heated to  60°C fo r  4 hours to  form 
4 -am ino -naph tha lene -l,7 -d isu lphon ic  acid  then cooled to  20°C,
Oleum 65% (446g, 3.62mol) was then added during 1 hour a t 15-20°C
and heated to  95-100°C fo r  16 hours. A fte r  coo ling  to  20°C the mass
was poured in to  8000ml co ld  w ater, sodium carbonate (106g, Im o l) added, 
and the sodium s a lt  limed out w ith  lim e (1600g). The gypsum
was f i l t e r e d  o f f ,  w e ll washed w ith  b o il in g  water, and the f i l t r a t e s
and washings evaporated to  3500ml. The product was is o la te d  by the 
a d d itio n  o f hyd roch lo ric  ac id  36% (500m l), and s a lt  (200g), cooled 
to  20°C f i l t e r e d  and washed w ith  b rine  25% (500ml) and d r ie d .
Y ie ld  573g @ 70.2% (52.5% Theory).
Stage 2 P reparation o f l-A m ino -naph tha lene -2 ,6 -d isu lphon ic  acid
Su lphuric  acid  48% (3000g) was charged to  a g lass f la s k  
and heated to  50°C, 1 -àm ino -naph th a lene -2 ,4 ,6 -trisu lph on ic  ac id  
70.2% (545g, Im ol) added and heated a t re f lu x  (118-120°C) fo r  6  
hours, co o le d ;& :t!ilte re d . The product was red isso lved  in  d i lu te  
caqs tic  soda s o lu t io n , screened to  remove im p u r it ie s  and 
re p re c ip ita te d  a t 90°C w ith  hyd roch lo ric  ac id  36%, f i l t e r e d  and
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washed acid  fre e  w ith  co ld  w ater. Y ie ld  7 9 g (Theory 3p.5?o as 
mono sodium s a l t ) .
Stage 3 P reparation o f l-A m ino-6 -hydroxV"naphthalene-2 -- su lphonic acid
( Isomer 162)
Caustic potash 92% (300g, 4.93m ol), water (100ml) were 
charged to  an a g ita te d  fus ion  pot and heated to  150°C. 1-Amino- 
naphthalene-2 , 6 -d isu lp h o n ic  acid  mono sodium s a lt  1 0 0 %
(lO lg , .25mol) was charged a t 150-170°C in  2 hours.and heated a t 
210-220°C fo r  4 hours. The mass was then d ilu te d  w ith  water (200m l), 
and then poured in to  water (1500ml) and a c id if ie d  w ith  h yd roch lo ric  
ac id , A fte r  coo ling  to  20°C i t  was f i l t e r e d  and washed w ith  co ld  
water. Y ie ld  19g (Theory 28.4%)
The product was id e n t i f ie d  by the usual procedure.
JH2
HO3S
SO,H
SOaH
HO3S
ca u s tic
potash
SO3H
Isomer 162
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7.4 P reparation o f 8-Amino-3-Hydroxy naphthalene-2-Sulphonic Acid
( Isomer 823)
Method 1
l-Am ino-6-hydroxy-naphthalene (see Section 7 .1 ) (lOg) was 
added to  su lp h u ric  ac id  90% (lOOg) a t 15-20°C during h a lf  an hour.
A fte r  heating to  120°C fo r  2 hours i t  was cooled to  25°C and poured 
in to  ic e  (lOOg), f i l t e r e d  and washed acid  free  w ith  co ld  w ater. I t  
was red isso lved  in  sodium aceta te  s o lu t io n  a t 90°C, screened and the 
f i l t r a t e  cooled to  20°C when the sodium s a lt  o f Isomer 832 c ry s ta l l is e d  
out and was f i l t e r e d  washed and d r ie d . Y ie ld  3g.
Method 2
"S u lp h u ric  ac id  100% (300g) was charged to  a re a c tio n  f la s k  
and heated to  20°C. 4 -am ino-7-hydroxy-naphtha lene-l-su lphon ic  acid  
(Isomer 471) 100% (4 8 .2g, .2mol) was added and heated to  95°C fo r  
10 hours, then poured in to  water (2000ml). Sodium carbonate (1 0 .7g, 
.202mol) was then added and the s o lu t io n  n e u tra lis e d  to  B r i l l i a n t  
Yellow Test Paper by the a d d itio n  o f lim e . The gypsum was f i l t e r e d  
off,washed w ith  b o il in g  water, and the f i l t r a t e s  and washings 
evaporated to  2000ml. The product was f i l t e r e d  o f f ,  red isso lved  
in  sodium ace ta te  s o lu tio n  a t 90°C, screened, cooled to  20°C and 
the in s o lu b le  sodium s a lt  f i l t e r e d  o f f .  This was then added to  
water and the fre e  acid  compound p re c ip ita te d  w ith  h yd ro ch lo ric  a c id , 
cooled, f i l t e r e d  and washed acid  free  w ith  co ld  water. Y ie ld  lOg.
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From the f i l t r a t e s  was is o la te d  4-amino-7-hydroxy-naphthalene- 
1 ,6 -d isu lp h on ic  acid  (35g) which was a lso an unknown compound,
5O3H
HO
SO3H
SO3H
Isomer 832
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7.5 Preparation o f 7-Am ino-2-Hydroxy-naphthalene-l-Su lphonic Acid
( Isomer 721)
S u lphuric  ac id  90% (25Gg) was charged in to  a re a c tio n  f la s k  
and cooled to  10-15°C. 2-Amino-7-hydroxy-naphthalene (25g) was 
added s low ly  w ith  a g ita t io n  during h a lf  an hour and the a g ita t io n  
continued fo r  3 hours a t 1G-15°C. The su lphonation mass was then 
poured in to  ice (3GGg), the product f i l t e r e d  o f f ,  and washed acid  
fre e  w ith  ice  co ld  w ater. I t  was then recharged in to  water 
(15Gml) and d isso lved  by adding sodium ace ta te , screened from 
im p u r it ie s  and re p re c ip ita te d  by adding h yd roch lo ric  a c id . The 
product was f i l t e r e d ,  washed w ith  co ld  water and d r ie d . Y ie ld  18g.
This product was id e n t i f ie d  by su b jec ting  to  the usual 
system o f ana lys is  o f deamination and comparing w ith  a l l  the hydroxy- 
naph tha lene -l-su lphon ic  acids and con firm ing  the Gxy-Tobias form ula 
by the Adams Test (Section 4 .1 )
H2SG4
H,N
SG3H
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8.0 D iscussion o f Results
Nothing was found in  the l i t e r a tu r e  which gave any 
in d ic a tio n  th a t the f ie ld  o f Amino Hydroxy Naphthalene Sulphonic Acids 
was about to  resurge w ith  or w itho u t products made from as yet 
unknown or non-manufactured isomers. A l l  the recent re ferences 
o f process improvements were fo r  the es tab lished  1 .2 .4  Acid , y > d, 
and S, Acids, w ith  M.Acid being v i r t u a l ly  fo rg o tte n .
23The work o f Blagney could be described as p rogress ive , 
being an extension o f the 1 .2 .4 .Acid process, but he ignored what 
could have been the most commercial compound i . e .  7 -n it ro -n a p h th ( l,2 ) -  
oxad iazo le -8 -su lphon ic  acid  (Section 4 .5 ) by tre a t in g  i t  only as an 
in te rm ed ia te  to  produce Isomer 372.
From a commercial p o in t o f view, Blagney should have compared 
i t s  p ro p e rtie s  w ith  7 -n itro -n a p h th -( l,2 )-o x a d ia z o le -5 -s u lp h o n ic  
ac id  (com m ercia lly made by n it r a t in g  Diazo 1 .2 .4  Acid) and then 
s u b s t itu t in g  i t  fo r  the la t t e r  in  the p repara tion  o f d ye s tu ffs  e tc . 
when e x c it in g  p ro p e rtie s  could have emerged.
The works o f Roe^^, T h iro t^ ^ , Jarkovsky^^, Osman^^,
Baman^^'^^, S c h r ie v e r^ ^ '^ ^ '^ ^ , N icke l^^  and Suckfu l^^ a t f i r s t  
glance were e x c it in g  and would c e r ta in ly  be to  students and to  
chemists making o n e -o ff p repara tions in  the la b o ra to ry  but they 
o ffe re d  l i t t l e  or noth ing to  the would-be manufacturer because a l l  
the works were concerned w ith  the f in a l  stages o f the re a c tio n s  
o ften  using base m a te ria ls  which were not re a d ily  a v a ila b le . The 
n ove lty  o f the re a c tion s  was in te re s t in g  but not very commercial.
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One impression derived from preparing th is  review is  th a t 
the re  is  a vast amount o f d e ta ile d  knowledge and expe rtise  which 
is  known to  in d u s try  but w i l l  be lo s t  in  time because i t  has 
never been published. Some o f th is  in fo rm a tio n  re fe rs  to  ac tions 
so simple th a t they are not considered worthy o f record ing  yet 
are o f paramount importance. Such an example is  given as a note 
inS ection  5 .2 .2  concerning the phys ica l form o f gypsum. Even th is  
note may not be e n t ir e ly  s a t is fa c to ry  since i t  does not emphasise 
th a t the bad phys ica l form re s u lt in g  from the a d d itio n  o f too much 
a lk a l i  cannot be reversed by re a d ju s tin g  the ph to  3 -6 .5 . A fu r th e r  
example is  given in  Section 5 .3 .1  re fe r r in g  to  the is o la t io n  o f 
Amido J .A c id ; th is  s ta te s  th a t the mass is  cooled to  20°C, f i l t e r e d  
and washed w ith  d ilu te  ac id . From the A u tho r's  experience i f  th is  
was performed as s ta te d , which would im ply f u l l  co o ling  water on the 
c o i ls ,  an almost im possib le  s itu a t io n  would re s u lt ;  the Amido J .A c id  
would p re c ip ita te  on the c o ils  and then the heat tra n s fe r  would 
become n i l .  I f  by some means the co o ling  d id  occur, the phys ica l 
form would be l ik e  porridge  and would th e re fo re  not f i l t e r .  The 
s treng th  o f the acid  wash is  not d isc losed , so the loss  o f y ie ld  a t 
th is  stage could be very la rg e . Such in fo rm a tio n  is  an e s s e n tia l to o l 
o f the manufacturer but not o f the la b o ra to ry  chem ist.
There is  one p a r t ic u la r  fa ce t which is  a source o f concern, 
th a t is  the somewhat casual a b s tra c tin g  o f some o f the .papers.
This has a lready been discussed in  Section 4.5 but c a lls  fo r  fu r th e r  
comment. N it ra t io n s  are dangerous re a c tio n s , and inaccura te  
a b s tra c tin g  o f the p repara tion  d e ta ils  could be very se rious to  the 
u n s k ille d  chem ist. Even the common sense in s t ru c t io n  'The mass
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was co n s ta n tly  s t i r r e d ' should never be om itted . In  Section 4.2 
Bayer describes the use o f 5 -n itro -n a p h th a le n e -l-s u lp h o n ic  acid  
which is  produced by the a d d itio n  o f  aqueous n i t r i c  acid  to  the 
s t i r r e d  su lphonation mass o f naph tha lene -l-su lphon ic  a c id . This 
n i t r a t io n  which could be thought to  be so sim ple, is  very hazardous 
in  the i n i t i a l  stages, and should the a g ita t io n  s top , very dangerous. 
Such so c a lle d  minor d e ta ils  are o f v i t a l  importance.
A fu r th e r  example o f th is  is  the recorded process o f M.Acid 
(Section 3 .5 ) when the term 'A c id if ie d  a t 80°C was used; and in  
sec tion  5.3 the term 'The product was is o la te d  by a c id ify in g  w ith  
su lp h u ric  a c id '.  The former should have read 'A c id  was run in  a t 
80°C to  is o la te  the M.Acid whereas the la t t e r  should have s ta ted  
th a t the product was is o la te d  by running the d ilu te d  fus ion  mass 
in to  excess su lp h u ric  ac id  and in  both cases th a t su lphur d iox ide  
was lib e ra te d . This la t t e r  procedure o f running the d ilu te d  fus ion  
mass in to  excess acid  is  a procedure in  Naphthalene Chemistry which 
i f  no t fo llow ed would g ive low y ie ld s  i . e .  y Acid and J .A c id  and in  
some sp e c ia l cases i . e .  the p repara tion  o f d ihydroxy-naphthalene 
compounds, no y ie ld  a t a l l .
The high p o in t o f th is  review is  undoubtedly the work recorded
in  the Japanese Patent^^ describ ing  the fus ion  o f  naphthalene-
1 ,3 ^6 - tr is u lp h o n ic  acid  to  4 ,7 -d ihydroxy-naph tha lene-2-su lphon ic
ac id  which could then be aminated to  J .A c id . As s ta ted  in  Section 5 .3 .7
the in fo rm a tio n  can be s e rio u s ly  questioned, but i f  the Author was
asked to  w r ite  a programme o f  work on the outcome o f th is  rev iew ,
the in v e s t ig a tio n  o f  th is  in fo rm a tio n  would be the No. 1 choice w ith
53the second choice being the fo llo w  up o f the work o f A ra l i . e .
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sulphonating w ith  SO3 in  S u lfo lane or other so lven ts to  t r y  
and ob ta in  a simple naphthalene^sulphonic acid  ra th e r than the
1 2usual m ixture  o f isomers. ’
The o v e ra ll assessment o f th is  review  is  th a t the halcyon 
days o f Naphthalene Chemistry have s lipped  away and there  is  a t 
the present time no urgent requirem ent fo r  the improvement o f the 
'B ig  F ive ' or to  ob ta in  new isomers. Am ino.hydroxy-naphthalene- 
sulphonic acids are produced by m u lti-s ta g e  processes in  la rge  and 
expensive p la n ts  and i t  is  d i f f i c u l t  to  envisage a resurgence 
o f th is  branch o f chem istry.
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